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Build our universal power supply and 
iut any laser tube to work 



BUILD A 

WIRELESS 

MICROPHONE 



l simple 
2 -transistor 
circuit 



BUILD A HI-FI 

HIGH-POWER 

AMPLIFIER 



For your home 
:ar 



VCR SERVICING 



lew scopes cui 

>u.ble shooting 
time! 



Using the Amiga 2000 
for professional -looking 

home videos 










S2.25 U.S. 
$2.75 CAN 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 



iFLUKEl 

® 



PHILIPS 



PHILIPS 




Introducing a whole new 
way to look at oscilloscopes. 



Operation that's instinctively, unbe- 
lievably clear. Information that's 
detailed, yet tree of errors. And intel- 
ligence that will speed your work. 
Philips' micro-computer controlled 
medium-frequency Smart Series. 
They could change forever the way 
you look at oscilloscopes. 

HIGH PERFORMANCE WITH A VIEW 

■ LCD window. Large digital indications note 
all selected functions, instrument settings 
and parameter values. Instantly. Precisely. 
With no mistakes. And right where you 
need them-next to the CRT. Not hidden 
in crowded frontpanels. Not wasting critical 
waveform display area. It's a revolutionary 
idea that facilitates the use of an oscillo- 
scope like nothing else. And it's only from 
Philips. Once again. 

■ 16kVCRT. Higher acceleration voltage 
and advanced electron optics assure bril- 
liance and spot quality that outshines any- 
thing else in this class. 

■ Pushbutton simplicity. Quick, one-function 
buttons have replaced knobs for faster, 
surer, more reliable operation. 



• Instant-action AUTOSET. Philips' intelligent 
beamfinder automatically selects channel, 
amplitude, timebase and triggering for 
error-free display of any input signal. Great 
tor troubleshooting! 

■ "Clever" cursors and delayed sweep. Stan- 
dard on the PM 3070, "clever" cursors 
supply immediate amplitude and timing 
measurements with direct CRT readout. 
And an exclusive cursor-operated ZOOM 
functon offers the most efficient use of 
delayed sweep available in analog scopes. 

■ Auto-Triggering intelligence. Provides fast, 
stable triggering up to 150 MHz. 

• Probelactor compensation in LCD. It auto- 
matically adjusts all readouts for the probe 

you're using. 

• IEEE compatibility. For fast computer hook- 
up and automated production test and 
calibration. 

■ Choice ot four models: Single and dual 
timebase; 60 or 100 MHz bandwidths. 

SUPPORTING VIEW 

Philips' medium-frequency instruments 
come with a 3-year warranty, a 30-day 
money-back guarantee and all the tech- 
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nical and service assistance you need. 
From Fluke — the people who believe that 
extraordinary technology deserves extra- 
ordinary support. 

POINT OF VIEW 

Call Fluke today at 800-44-FLUKE 
ext. 77. And find out how easy it is to 
change the way you look at oscilloscopes. 

Ask for your tree copy of our new guidebook, 
Basic Principles of Oscilloscopes. 



Jofin Flulie Mln. Co.. Inc.. P.O. Box C90SC. MK 250C . 
Everett, WA9B2W 

Ui.206-3SB.MM C«WOA:4]6-a90-76M 
OTHER COUNTRIES: 206 356-5S00 

© Copyrtghn 1 988 John Fluta Mta. Co., Inc. 
«l fijhts resenred Ad No. Q481-P3065f70 
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33 UNIVERSAL POWER SUPPLY 

This power supply works with any laser tube! 
Gordon McComb 

43 WIRELESS FM MICROPHONE 

Transmit an audio signal to any frequency in the standard FM band. 
Marc Spiwak 

46 PHONLINKII 

Control your home appliances from any touch-tone phone. 
Janet McNabb and Gene Roseth 

51 HIGH-POWER HI-FI AUDIO AMP FOR HOME OR CAR 

Build a versatile audio powerhouse! 
L.K. Ross and Amp Watts 
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61 KEEP YOUR VCR HEALTHY 

Simple maintenance will keep your VCR out of the repair shop. 
Peter M. Hansen 

65 SPEED UP VCR TROUBLESHOOTING 

Advanced oscilloscope features simplify VCR and camcorder repair. 
Jim Emerich 



SPEED- 
UP 
VCR 
TROUBLE 
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6 VIDEO NEWS 

What's new in this fast- 
changing field. 
David Lachenbruch 

16 EQUIPMENT REPORTS 

B&K Precision's 388-HD Test 
Bench multimeter. 

25 HARDWARE HACKER 

A new "disco" circuit. 
Don Lancaster 



73 NEW IDEAS 

A quick cable tester. 

80 DRAWING BOARD 

A custom-character generator. 
Robert Grossblatt 

84 AUDIO UPDATE 

HX:Pro: A "new" and 
improved cassette-deck 
circuit. 
Larry Klein 
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Lasers can be a lot of fun to experi- 
ment with, learn from, and, as For- 
rest Mims proves with the cover 
background, they can be fun to pho- 
tograph, too. The only problem is 
that lasertubes require special high- 
voltage power supplies in order to 
operate. And, to further complicate 
things, different laser tubes have 
specific voltage and current require- 
ments. Therefore, you usually need a 
"custom" power supply for every 
laser tube you come across. How- 
ever, a few simple adjustments on 
our laser power supply make it com- 
patible with any helium-neon laser 
tube. See page 33. 
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SPECIAL SECTION: HOME SECURITY 

An in-depth look at security-system technology, how to install security 
systems — including wireless ones — in your home, and a complete home- 
security system that you can build. 

DIGITAL PEAK DETECTOR 

Display and hold the maximum output level from any transducer. 

ALL ABOUT CAPACITORS 

Match the right capacitor to the job. 

CIRCUIT COOKBOOK 

Recipes for more than 20 practical counter circuits. 
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Intermittents. We Hear You. 

Introducing The Heavy-Duty DMM With An Audible 

Readout That Lets You Keep Both 

Eyes On The Job. 



Intelligent design and 
solid construction make 
the new HD 150 Series the 
best DMMs in their class. 

They're the latest in a distinguished 
line that began when Beckman Industrial 
pioneered heavy-duty DMMs with their 
distinctive yellow color. Many competitors 
have since imitated that color. As for 
imitating their performance, no one 
comes close. 

The HD 150 Series attains new levels of 
excellence with a range of advanced 
features. They're waterproof. Drop proof. 



Auto-ranging, Slim-styled for one- 
hand comfort and convenience. 
With auto-off to prolong battery 
life. Plus 2 fuses, PTC resistor and 
MOV for unsurpassed overload 
protection. 

Audible readout. A "sound" 
reason to go with the HD 150 
Series. With this unique feature on 
the HD 153, you measure parame- 
ters by listening to a continuous 
variable tone As the parameter you 
measure rises or falls, the tone's 
frequency increases or decreases, 
accordingly Use it for volts, amps, or ohms. It's 
ideal for peaking and nulling, too. 







Intermittent alert. A key application 
of audible readout. The HD 153 pinpoints 
intermittents by emitting a "crackling" 
sound when they're detected. The 
response sounds in about 1 msec — far 
faster than the information appears on 
any DMM display 

Logic function. 

The HD 153 detects 
TTL or CMOS logic 
pulses using stan- 
dard test leads. 

Easy to use. 

The HD 150 
I Series lets 
' you read the 
LCD even at 
wide angles. 
With the large 
rotary dial you 
select functions with one- handed 
p. or left) convenience. Auto- 
ranging speeds you to the right range. 
A tilt-stand and Skyhook let you set or 
hang the DMM almost anywhere 



Beckman Industrial 



Beckman Industrial Coiporaiion 

Insirumeniation Products Division 

K Subsidiary of Emerson Electric Company 

3883 Ruffin Road, San Diego, California 92123-1898 

(619) 495-3200 • FAX: (619) 268-0172 • TTX 249031 



Built tough to work hard. The HD 150 

Series DMMs are so tightly sealed against 
water and grime that they're guaranteed 
for Jive years against contamination. And, 
because they're built so tough, they're 
guaranteed for two years against arty 
damage (except abuse). Crashes, overloads, 
moisture, dust. . .you name it The HD 150 
Series can handle it all! 

Listening is believing. For a hands-on 
demo, see your distributor now Learn why 
the HD 150 Series is the soundest DMM value 
you'll see Or hear. 



Key Specifications 
HD 151 HD 152 



HD153 



Auto-ranging 


/ 


/ 


/ 


Range Lock 




/ 


/ 


Audible readout 






/ 


TO Stand and 
Skyhook™ 


Optional 


Optional 


Included 


Logic pulse detector 






• 


DC voltage accuracy 


0.7% 


0.5% 


0.25% 


10A range 




/ 


/ 


Suggested list price 


$149.00 


$169.00 


$199.00 



In-Service 

instruments, 
WereThe One. 



© 1988 Becfeman Industrial tjcrpontton 

Specif odor.!.* subject to change wichaul notice. 

Valor, is a rcgjsttrcd indemui of Genera! EkccrLc GorpOttlKffl, 
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WHAT'S N EWS 



Motors 100 times smaller than any known today 




THE NEW MICROMOTOR, as photographed with an electron microscope. The rotor 
(center) is approximately two-thousandths of an inch across. The teeth, or rotor poles, are 
about the size of red blood cells. 



Electric motors no larger than 
the width of a human hair are re- 
ported by researchers at the Uni- 
versity of California at Berkeley, 
CA. The motors are about three- 
thousandths of an inch in diame- 
ter, with notched teeth "about the 
size of red blood cells." They were 
developed by Richard S. Muller, 
professor of engineering and com- 
puter science at Berkeley, and his 
graduate students, Long-Shen Fan 
and Yu-ChongTai. 

The new motors are constructed 
with the same lithographic and 
etching techniques that are used 
in fabricating microelectronic 
components on a chip. The me- 
chanical elements are made of 
polysilicon that is deposited and 
patterned in layers, sandwiched 
between layers of silicon dioxide. 
The silicon dioxide provides a 
framework that holds the assem- 



bly together while it is built up. 

After enough layers have been 
added to complete the assembly, 
the silicon diode matrix is chemi- 
cally dissolved, leaving the as- 
sembled micromechanism on a 
chip. 

The prototype motors are driven 
by electrostatic force — the force 
that exists between two objects 
with opposite voltages. Until the 
micromotors were developed, the 
distance between mechanical 
parts was too great to make an 
electrostatic motor practical. 

Electrostatic drive interfaces 
efficiently with microchip circuit- 
ry, Muller said — another promis- 
ing feature for the development of 
micro-mechanical devices. He and 
his colleagues expect that micro- 
motors that are useful for practical 
applications will be produced 
within the next few years. 



"Discovery" opens new path for 
computer applications 

In what may be the first practical 
application of an advanced form of 
artificial intelligence, Drs, Neil 
Pessall and Jan Schreuers of the 
Westinghouse Research and De- 
velopment Center have suc- 
cessfully asked a computer to fig- 
ure out a way to make better metal 
tubes, making it unnecessary to 
have a team of experts. 

The method used, called a "dis- 
covery system, "goes a step 
beyond the expert systems that are 
now well known. Instead of simply 
using the knowledge of an expert 
or experts, the discovery systems 
analyze their own thinking to 
create new knowledge. They ex- 
amine the data from a process, and 
generate new rules of operation 
from that data. Those are com- 
pared with previously known rules 
about the operation, and conflicts 
are identified. They then resolve 
any of the identified conflicts by 
creating new rules of operation 
consistent with all of the known 
data- — old and new. 

In one test application, the com- 
puter discovered that the surface 
quality of zirconium-alloy tubing 
did not depend entirely on the 
temperature of the process 
coolant, but rather on the dif- 
ference in coolant temperature 
from what it was when the ma- 
chine was adjusted for operation. 
The cost of eliminating those tem- 
perature differences was small 
compared to the increased yield of 
tubing produced— and, as a result, 
greater profits. 

"I have no doubt that a team of 
experts analyzing the data would 
have reached the same con- 
clusions," said Dr. Schreuers. "But 
it was much quicker and less ex- 
pensive to use a discovery sys- 
tem." The technology has the 
potential for broad application in 
industrial processes of all kinds, 
including electronics. R-E 




Z'AXIS INTENSITY MODULATION FAST 10NS RISE TIME 



DMM-300 



$79.95 



3.5 DIGU DMM/MULTITESTER 
This full fund Ion 3.5 digit DMM offers highly accurate 
performance and a host of added features like audible 
continuity, capacitance, transistor, tempera! ure, and con- 
ductance to help you do Ihe job— fast. Temperature probe, 
Lest leads and battery included. 

* Basic DC accuracy: plus/minus 0.25% 

* DC voltage L200mv- 1000V, 5 ranges 
+ AC voltage: 2£)0mv-75QV, 5 ranges 

* Resistance: 200chms-20M ohms, 6 ranges 

* Capacitance: 2000pf-20 |if, 3 ranges 

* Tran si slor Tester :0"-2000*F 
+ Conductance; 200ns 

+ Fully overload protected 

* Input impedance: 10M ohm. 



DMM-100 



$29.95 



3. 5 DIGIT POCKET SIZE DMM 

Perfect for the field service technician. Shirt pocket size 

without compromising features or accuracy. Large, easy 

to read Vfe" LC D dis play. Fulty overload protected lor safety. 

2000 hour battery life with standard 9v celt. Probes and 

batlery included. 

+ Basic DC accuracy: plus 'minus 0.5% 

+ DC voltage: 2v- lOOOv. 4 ranges 

* AC voltage: 200v-750v, 2 ranges 

* Resistance: 2k ohms-2M ohms h 4 ranges 

* DC current: 2mA-2A, 4 ranges 

* Jnpul Impedance: tOMohm 

* Fully overload protected 

* Approx.5"xTx1MJnder7ozs. 
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MODEL 2000 



$389.95 

20 MHz DUAL TRACE 
OSCILLOSCOPE 

Model 2000 makes frequency 
calculation and phase measurement 
quick and easy. The component tester 
aids in fas! troubleshooting. Service 
technicians appreciate the TV Sync 
circuits (or viewing TV-V ami TV-H 
and accurate synchronization of 
the video signal, Blanking.. VITS. and 
WH sync pulses, 

* Exceptionally nright 5" CRT 

* Built-in component tester 

* TV Sync filter 

* X- V operation ■ t10'22O volts 



DMM-200 



$49.95 



3,5 DIGIT FULL FUNCTION DMM 

Get highly accurate performance at a very alfordabEe price. 
Rugged construction. 20 amp current capability and 22 
ranges make it a perfect choice for serious field or bench 
work. Low battery indicator and tilt-stand . Probes and 2000 

hour battery included. 

* Basic DC accuracy: plus or minus 0,25% 

* DC voltage 200mv-1000V, 5 ranges 

* ACvollage:200mv-750V, 5 ranges 

* Resistance: 20Q ohms— 20M ohms, ranges 

* AC/DC current: 200jiA-20A, 6 ranges 

* Input impedance: 10M ohm 

* Fully overload protected 

* Apprax.rx3 1 A*x1VP'.WLl1ozs. 



DPM-1000 



$54.95 



3.5 DIGIT PROBE TYPE DMM 

Custom SO pin LSI chip provides accuracy and reliability in 
such a compact size. Aulorangmg. audible continuity and 
data hold feature help you pinpoint the problem quickly. 
Case and b after res included 

• Basic DC accuracy plus-minus 1% 

• DC voltage 2v-500v, auiQUinging 

• AC voltage :£v-500v, aulorangmg 

• Resistance: 2k obms-2M obms. autoranging 
' Fully overload protected 

• input irnpfdartce mM ohm 

- Appro* G 1 .? '% > "xW, Untior3ozs. 




* 2 YEAR REPLACEMENT WARRANTY 

* 30 DAY MONEY BACK GUARANTEE 

* TOLL FREE TECHNICAL SUPPORT 

* NEXT DAY AIR SHIP AVAILABLE 



COPYRIGHT 1967 JDRMO00EYICE5 



JDR INSTRUMENTS, 110 KN0WLES DRIVE, LOS GATOS, CA 95030 

RETAIL STORE: 1256 SOOTH BASC0M AVE, SAN JOSE, CA (408) 947-8881 




ORDER T 
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Video 

News 



• TV from China. Color and black-and-white 
TV's are now coming into the United States from 
the People's Republic of China in limited 
quantities. The Chinese are anxious to become a 
major supplier of TV's — and, eventually, VCR's — to 
the outside world. 

On a recent visit to China, I toured several 
major TV plants and talked with officials of China 
National Electronics Import and .Export 
Corporation (CE1EC), which produces, as well as 
exports, electronics products. China is now 
manufacturing about 14,000,000 monochrome 
sets annually — which makes it the world's largest 
producer of black-and-white television sets — plus 
up to 7,000,000 color sets. China is already 
exporting a large number of color sets to the U.K., 
and is beginning shipments to the U.S., mainly of 
low-end 13- inch sets (although on our visit we 
saw such sophisticated products as digital 
picture-in -picture receivers), 

China has an extreme shortage of color picture 
tubes — it imports more than half of its 
requirements — but new plants that are being 
built in joint ventures with overseas 
manufacturers could eliminate the shortage in 
the next couple of years. VCR's are extremely 
popular in China, but currently very few are 
being built there. However, joint ventures and 
know-how pacts with Philips and several 
Japanese manufacturers are expected to result in 
the production of perhaps 500,000 units in 1990. 
Another product for which China has high hopes 
is the TV receive-only (TVRO) home-satellite 
terminal. We saw them come off the production 
line in Nanjing, for shipment to the U.S. 

• Dual-deck VCR's. Most audio-cassette 
recorders now have dual decks to simplify tape 
duplication, or to play to cassettes consecutively. 
So why not double-deck VCR's? That idea has 
been proposed from time to time, and Sharp even 
marketed one at one time in the Middle East. 

Go-Video, of Scottsdale, AZ, says that it has a 
basic patent on the idea, but claims that the 
Japanese and Korean VCR manufacturers are 
conspiring to prevent its manufacture, and has 
filed an anti-trust lawsuit against them. Several 
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DAVID IiA.CHZHBB.DCH, 

CONTRIBUTING EDITOR 

of the defendants had settled at press time, and 
agreed to cooperate with Go-Video's efforts to 
market a two-headed video deck. The Motion 
Picture Association of America (MPAA) has 
blocked all previous efforts to sell double-deckers 
in the United States on the grounds that they 
could be used to violate copyrights by making it 
easy to copy recorded cassettes. Originally a 
defendant in Go-Video's suit, the MPAA was 
dropped from the complaint after it agreed to end 
its opposition — when Go-Video said it would 
include electronic anti-copy safeguards on its 
two-deck machines. Now, presumably, Go-Video is 
free to market the double-deckers here — but 
without the ability to duplicate copyrighted 
cassettes. The big question is whether a device 
with such limited utility can succeed. 

• Multiple systems. There are currently at 
least 18 different HDTV systems that are claimed 
to meet the FCC's criteria. Most of them use a 
1,050-line non-interlaced picture, and many 
require at least a portion of a second channel to 
provide the enhancements needed for HDTV — the 
wider aspect ratio and the additional lines. 

The goal of the FCC and the industry is to agree 
on an all-American HDTV system as soon as 
possible — ideally, within the next couple of 
years — so that work can proceed on broadcasting, 
cable-origination, and receiving equipment. 
Although there is some confusion on the subject, 
there is also considerable agreement that any 
standards for terrestrial broadcasting, cable 
transmission, and such new systems as direct- 
satellite broadcasting and telephone-company 
distribution via fiber optics should be mutually 
compatible. That will ensure that viewers will not 
have to buy two or three different TV sets — or 
expensive multi-standard sets — to be able to 
watch all modes of transmission standards. 

Although some estimate that HDTV standards 
can be developed in the next two or three years, 
others believe such a schedule optimistic in view 
of the number of systems to be considered. While 
some work can be done on receiving systems, 
most work will have to await the selection of a 
transmission system. 




ENJOY CABLE TV MORE THAN EVER 
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SNOOPER STOPPER/DATA BLOCKER *39 95 



J 



• Prevent cable 
companies from 
spying on you to 
see how many 
cable converters 
you have 



' Removes beeping 
sound from your 
FM when radio 
is connected to 
cable TV 



• Cable TV descramblers 
are being sold by the 
thousands, but few peo- 
ple know descramblers 
can be detected on most 
addressable systems 



Maintain your privacy 
with a Snooper Stopper. 
For more detailed infor- 
mation, send $2.00 for 
our "Cable TV Snooper 
Stopper" article. 



MACROVISION . . . NOW YOU SEE IT, NOW YOU DON'T 
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MS1-KIT *29 95 

Includes all the parts, pc board, AC adaptor, and 
instructions from a published construction 

article in Radio Electronics magazine. 

• Remove copy-protection from 
video cassettes 

• Digital filter type; removes only 
Macrovision pulses 



JMAK-4 BLACK BOX s-|4 95 

Original box as shown in ad with two feet and four 
holes to mount pc board. 

• No adjustments; crystal controlled 

• Compatible with all VCRs 

• Uses automatic vertical blanking level 

• Assembles in less than three hours 



SIGNAL ELIMINATOR $ 29 



J^^r • Works on cable or broadcast TV 

^%f_ • External adjustments allow 

▼ _ I precise tuning to any frequency 

#23H-Tuneab!e to eh. 2&3 (50-66 Mhz) 
. - also 6 meter HAM TV! interference filter 

#46FM-Tuneable to eh. 4-6 (66-108 Mhz 

& FM Band) 

#713-Tuneable to ch. 7-13 (174-216 Mhz) 

#1417-Tuneable to ch.14-17iA.oj (120-144 Mhz) 

ff1822-Tuneableto ch. 18-22 [e-jj (144-174 Mhz) 
Note: If picture and sound are equally affected, this IS interference and CAN be removed by our product 
If only picture is affected, this usually IS NOT interference and CANNOT be removed by our product. 
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ELIMINATE a Channel 

that you find unsuitable for 
family viewing, but is poorly 
scrambled by your cable 
company. OR 

CLEAR UP a Channel 

that presently contains severe 
interference by ELIMINATING 
whatever signal is causing this. 
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FAVORITE 

CHANNEL 



BEFORE 




72 Channel 

CABLE CONVERTER 

• Microprocessor 
controlled PLL 
operation 

• Skip channel 
memory elimi- 
nates unused 
channels 




with Infra-Red Remote 

• Parental control 
for all channels 

• Compatible with 
all external 
descramblers 

• Last channel 
recall 



MC-702 Converter 
$7995 



• Fine tune memory 

• UL listed/ FCC 
approved 

• Simple installa- 
tion with any TV 



• Includes battery 
and 3 foot coax 

• Channel output 2 
or 3 switchable 

Add £3,50 shipping & 

handling 

59.50 Canadian orders 



ORDER TOLL FREE ANYTIME 
1-800-227-8529 



Inside MA: 508-695-8699 Fax: 508-695-9694 
Ask for additional free information 
Add $3.00 shipping & handling on all orders 
unless otherwise noted. $6.00 Canadian orders. 
Visa, MasterCard, or C.O.D. Z"2~2 
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Ask R-E 



WRITE TO: 

ASK R-E 

Radio-Electronics 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 



HARDWARE AND A Z-80 

I'm interested in developing hard- 
ware around the Z-80 but a lot of the 
software I've been looking at re- 
quires RAM at OOOOh, The problem 
is that that is also the Z-80's power- 
up location. Is there some way to 
either change the power-up location 
or store a permanent jump there to 
some other location in RAM? Also, 
can anything be done about the 
Z-80's built-in jump to 0066h for an 
NMI?— C. Long Baltimore, MD 

The first thing to realize is that 
there's absolutely no way, short of 
surgery, to change the Z-80's inter- 
nal jump locations. They're an in- 
herent part of the microcode and 
there's not one thing you can do 
about it. Given that, let's see what 
the options are for working 
around it. 

Most small systems, including 
home-built Z-80 circuits such as a 
controller, development system, 
or the like, follow the path of least 
resistance and draw up a memory 
map with ROM at the bottom and 
RAM at the top — and that is still the 
best way to go about it. 

If you insist on sticking ROM up 
at the top, you need some way of 
getting power-up instructions 
down at OOOOh. Most systems 
doing that sort of thing load OOOOh 
with a jump to the ROM starting 
location that contains all the ini- 
tialization code. That means you 
have to load three bytes at the bot- 
tom of memory since the jump 
uses three bytes of code. 

There's no way you can have 
ROM and RAM occupying the 
same memory space, so you need 
some way of switching between 
them — automatically. Simply 
stated, you want the ROM active 



only at power up and reset, and 
the RAM active the rest of the time. 

That can often be a real decod- 
ing nightmare but; since we know 
when the ROM has to be selected, 
the problem is a bit easier to solve. 
In actual fact we don't have to do 
any address decoding at all. 
There's not enough room here to 
go through the design of the cir- 
cuit but the subject is interesting 
enough to cover in detail later on. 

First of all, the jump instruction 
has to be put in some type of per- 
manent storage device. A small bi- 
polar PROM like a 74S288 makes 
sense because it's easy to pro- 
gram, can be tristated, and we only 
need three bytes of code. The cir- 
cuit's core is a decade counter, 
such as the 4017. Why a decade 
counter? Well, once you realize 
that a jump instruction takes ten 
clock cycles you should under- 
stand what's going to happen. 

At power up, the final output of 
the counter keeps the ROM en- 
abled and the RAM disabled. The 
Z-80 goes to location OOOOh and 
takes ten clock cycles to fetch the 
jump instruction. Meanwhile, the 
counter is advancing once for each 
clock cycle. At the end of the op- 
code fetch the counter has 
reached ten. That disables the 
counter, tristates the ROM, and 
enables the RAM that's mapped to 
the bottom of the memory map. 

The parts count for the circuit is 
minimal. You'll need a PROM, a 
counter, and maybe a gate or two 
to make it all happen. If you want 
more than just the one instruction 
to execute automatically when- 
ever the system is reset — initialize 
ports, test memory, etc. — you only 
need a larger PROM (an EPROM is 



ideal), and a longer counter to do 
the job. The rest of the circuit is 
the same. 



TV INTERFERENCE 

Every time I turn on my computer, 
my television reception gets really 
noisy. I've tried reorienting the an- 
tenna, electrically isolating the AC 
outlets, and a host of other things, 
but nothing seems to help. I see some 
improvement when I move the two 
farther apart, but there are practical 
limitations to that. What can I do? — 
). Ootmar, Somerville, NJ 

Not much. You might write to 
the Federal Communications 
Commission and have them send 
you a copy of their booklet "How 
to Identify and Resolve Radio-TV 
Interference Problems." The ad- 
dress is: The U.S. Government 
Printing Office, Washington, DC 
20402, and the stock number is 
004-000-00345-4. 

I can save you the price of 
postage by telling you that while 
the booklet will go into great 
depth about what causes the prob- 
lem, it won't give you any solu- 
tions that you haven't already 
tried. 

Face it! Computers move TTL- 
level signals around their boards 
and through their cables at furious 
rates of speed— at leastl MHz, and 
science says that currents moving 
through a wire will create electric 
fields. The faster the signals move, 
the stronger the induced field. 
That has become a real problem as 
computer speeds move further 
into the world of double-digit 
clocks. A 386 machine running at 
20 MHZ is going to radiate a lot of 
electrical energy and those fields 
are going to be carried by every 
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Now you can meet the challenges of today's 
electronics quickly and easily. This professional 
level teaming series is as innovative as the 
drcuitry it explains and as fascinating as the 
experiments you build and explore! And it's for 
anyone who has an interest in electronics . . . 
from the hobbyist to the professional. 

Thousands Have Already Experienced 
the Excitement! 

Today's higfttech world demands an entirely new 
and innovative approach to understanding elec- 
tronics. That's why McGraw-Hill has developed 
this unique "hands-on" learning method that 
brings to life the dynamics of the new electronics. 
It's a unique combination of interactive materials 
that gets you involved as you build and exper- 
iment with today's latest electronic circuitry. 

Just how well this innovative learning 
approach meets the challenge of the new 
electronics is confirmed by those who have 
already completed the Series . . . "You have put 
me right into the middle of an extraordinary 
learning experience. With each lab exercise 
1 have gained a new understanding of the 
intricacies of today's electronics." Or . . . 
"For me. the Series was just the answer. I felt 
confident within my specialty, but my grasp of 
other areas of electronics was slipping away. 
Your Series helped me upgrade my knowledge 
of the latest electronics concepts." Or this from a 
company director of training . . . "We manu- 
facture sophisticated electronic products, with a 
lot of people in sales, assembly and purchasing. 
McGraw-Hill has answered a real need in 
helping our employees see the total picture. 
They row communicate with customers and 
each other more effectively." 

Your Involvement in the New Electronics 
Begins Immediately, 

You master one subject at a time with 15 
McGraw-Hill Concept Modules, sent to you one 



every 4 to 6 weeks. You waste no time on 
extraneous materials or outdated history. It's 
an entertaining, lively, nontraditional approach 
to the most modern of subject matter. 

Your very first module takes you right to 
the heart of basic circuit concepts and gets you 
ready to use integrated circuits to build a digital 
oscillator. Then, youTI verify the operation of 
different electronic circuits using a light emitting 
diode (LED). 

And each successive module brings you 
up to speed quickly, clarifying the latest 
advances in today's »_ 

electronics . . , 
from digital logic 
and micro- 
processors to 
data communica- 
tions, robotics, 
lasers, fiber optics, 
and more. 



force the meaning of each important point. 
Carefully indexed binders conveniently 
house all this material, as well as the instruc- 
tions that will guide you through your 
"hands-on" lab experiments. 

Throughout your Series, laboratory 
experiments reinforce every significant concept. 
With this essential "hands-on" experience using 
actual electronic components, you master prin- 
ciples that apply all the way up to tomorrow's 
VLSI (Very Large Scale Integrated) circuitry. 
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Unique 

Combination of 
Interactive Instruction 
Materials Makes 
Learning Easy. 

Laboratory experiments, 

vividly illustrated text 

and interactive cassette 

tapes all blend together 

to give you a clear, simplified understanding of 

contemporary electronics. 

With each module, you receive a McGraw- 
Hill Action-Audio Cassette that brings to life the 
facts and makes you feel as if you're partici- 
pating in a lively dialogue with experts. 

Your ability to quickly make this knowledge 
your own is further aided by strikingly illustrated 
texts that use diagrams, explanations, illustra- 
tions, and schematics to drive home and rein- 



With your first module, you'll build this solderless 
breadboardlng system. As you add additional boards, 
you create increasingly complex circuits easily and 
qukkly, bringing today's electronics concepts to life. 



Discover, Explore, 
Experience for Yourself— 
15 -Day TriaL 

In all ways, the Contem- 
porary Electronics Series is 
an exciting learning 
experience that offers 
you the quickest 
and least expen- 
sive method 
available to 
master today's 
electronics. . . 
and the only one 
with "hands-on" 
experience. 



To order 
your first 
module for 
a 15-day 

trial examination, simply complete the card 
and send today! If the card is missing, write 
to us for ordering information. 
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McGraw-Hill 

Continuing 
Education Center 



3939 Wisconsin Avenue, NW 
Washington, DC 20016 
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piece of metal on the computer. 

With a 25-MHz clock, a lot of the 
radiated frequencies are going to 
be high enough to fall in the range 
of standard receivers. AM radio, 
for instance, is roughly between 
0.5 MHz and 1.5 MHz, and even a 
five-year-old computer will gener- 
ate frequencies in that range. It's 
further complicated by the fact 
that modern receivers (including 
TV tuners) are much more sen- 
sitive than they used to be. 

Making the receiver more sen- 
sitive means that you'll be able to 
get better reception — but it also 
means that it's more likely to pick 
up RFI noise from your computer. 
Since the difference between mu- 
sic and noise is often in the ears of 
the listener, I can't imagine how to 
do it electronically. 

As far as eliminating RFI is con- 
cerned, forget it. Power compa- 
nies have been pumping AC 
voltage over electrical lines for 
many years, and the last time I 
looked there was still an enor- 
mous 60-Hz field on my bench. 



TIMEX ROBOT 

I'm planning to build a robot 
around my old Timex 1000 comput- 
er and I want to include the Timex 
printer as well. I want to power the 
whole thing from one 12-volt DC 
supply, but the printer needs 24 volts 
at 1.5 amps for the thermal print 
head. Is there a simple way to get the 
24 volts I need for the print head 
from the 12-volt supply? — E.O., 
Roosevelt, MN 

There are several things to con- 
sider. I don't know what kind of 12- 
volt supply you were planning to 
use, but it had better be pretty 
chunky if you want to power a 
robot. That is especially true if 
you're going to have a mobile 
robot, because motors take a lot of 
juice. Given that as being the case, 
it's a reasonably fair assumption 
that you'll be using something like 
a car battery as the basis of the 12- 
volt supply. 

It's a lot easier to get 12 volts 
from a 24-volt battery than the 
other way around. It's possible to 
build charge pumps and other cir- 



cuits to get 24 volts, but needing to 
draw 1.5 amperes complicates 
things considerably. Let me tell 
you that if it was my project, I'd run 
the thing off two 12-volt batteries 
in series, A 12-volt supply could be 
tapped from one and the printer 
could run off both. 

You might want to examine the 
printer and see if it can be tricked 
into running off 12 volts. I'm not 
familiar with your printer but I do 
have a Sinclair Thermal Printer that 
I got in England. It was sold by 
Sinclair to work with the ZX-81 and 
it runs off 9 volts. 

I don't have any specs on it but it 
was the original model sold to 
work with the Sinclair Computer. 
Since Timex did little more than 
change the name when they mar- 
keted the computer in this coun- 
try, I would expect that the same is 
true of the printer. Consequently, 
it might be a good idea to really 
eyeball the innards of the printer 
and see whether or not the 24 volts 
is stepped down somewhere be- 
neath its plastic cover. R-E 




Prototyping Made Easy. In The Quantities You Require. 



Your Electronic Specialty Products 
distributor has a wide selection of 3M 
breadboards and prototyping labs in 
the quantities and styles you desire. 

We invented solderless breadboarding with 
one thought in mind: "make it fast and easy! ' ' 
And we build these products with American 
made reliability. 

Whether your requirements demand 3M's 
A'O E 100 Series solderless breadboards or 
Powerace prototyping labs with self-contained 
power supplies, or our newest Powerace labs 



with removable boards, you'll find what 
you need at your authorized 3M Electronic 
Specialty Products distributor. 

For educators, students, hobbyists and 
even professional designers, 3M prototyping 
products make circuit building and testing tun 
and easy. And whether you need one bread- 
board or a hundred, we've got them packaged 
as you need them. 

Your Electronic Specialty Products distribu- 
tor also has all the prototyping tools you'll need. 
Toots such as jumper wires, adaptor pins and 
patch cords. 



For the name of your nearest 3M A-C ■ E 
Board and Powerace distributor, call toll free 
800-321-9668 or (216)354-2101 in Ohio. 

Electronic Specialty Products 
3M Electronic Products Division 

9325 Progress Parkway 
Mentor, Ohio 44060 

We've Packaged Our Solutions. 
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Where's Your ELECTRONICS Career Headed? 




The Move You Make Today Can Shape Your Future 



Yes it's your move. Whether on a chess board 
or in your career, you should plan each move 
carefully. In electronics, you can move ahead 
faster and further with a 

B. S. DEGREE 

Put professional knowledge and a COLLEGE 
DEGREE in your electronics career. Earn your 
degree through independent study at home, 
with Grantham College of Engineering. No 
commuting to class. Study at your own pace, 
while continuing your present job. 

The accredited Grantham non-traditional 
degree program is intended for mature, fully 
employed workers who want to upgrade their 
careers . . . and who can successfully study 
electronics and supporting subjects through 

INDEPENDENT STUDY, AT HOME 

Free Details Available from: 

Grantham College of Engineering 

10570 Humbolt Street 

Los Alamitos, California 90720 



Independent Home Study Can Prepare You 

Study materials, carefully written by the Gran- 
tham staff for independent study at home, are 
supplied by the College, and your technical 
questions related to those materials and the 
lesson tests are promptly answered by the Gran- 
tham teaching staff. 

Recognition and Quality Assurance 

Grantham College of Engineering is accredited 
by the Accrediting Commission of the National 
Home Study Council. 

All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 



Grantham College of Engineering n-389 
10570 Humbolt Street, Los Alamitos, CA 90720 

Please mail me your free catalog which explains your 
6,5. Degree independent-study program. 
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_State_ 
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TALK IS 
CHEAP. 



Have you heard? For less than $90 
your AT or XT-compatible com- 
puter can talk! All it needs is the 
HV-2000 Computer Voice Kit from 
Heathkit. 

Reading letters, transcriptions 
and computerized instruction can be 
easier and quicker than you ever 
thought possible. Computer games 
gain a new dimension. Your com- 
puter can even entertain children 
with stories 
and songs. 




: you have 
' a modem, 
' the HV-2000 
Computer Voice will allow your 
computer to recite reference and 
research information from time- 
sharing services. Or, speak radio 
transmitted ASCII information. 

The HV-2000 Computer Voice 
Card, containing speech synthesizer 
and audio amplifier, plugs into any 
AT or XT-compatible computer's 
expansion slot. An external speaker 
is also included. Versatile, Heath- 
developed software gives you a 
wide variety of voices and easy in- 
terface to high and low level 
languages. 

The HV-2000 Computer Voice. 
At less than $90, talk IS cheap. To 
order, call toll-free 1 - 800 -253- 0570. 
Use your Visa, MasterCard, Ameri- 
can Express or Heath Revolving 
Charge card. Or call 616-982-3614 
for the nearest store location. 

I Heath Company 



i 



A subsidiary of Zenith Electronics Corporation 

Prices, product availability and spec it i cations are 
subject to change without notice. 



Letters 



TUBE TALK 

Reading the "Antique Radio" 
column in the January issue of Ra- 
dio-Electronics, I noted some er- 
rors that beg correction. 

First, the 201A and the 01A are 
the same type tube. Various man- 
ufacturers had designated the type 
as 201 A, 301 A, and 401A. The first 
digit was dropped in 1930 to re- 
solve the confusion. For the same 
reason, other tube types with 
three-digit numbers also dropped 
the first digit — the 227 became the 
27, the 280 became the 80, and, as 
noted in the article, the 112A be- 
came the 12A. 

Also, when the 201A was used as 
a detector, it was usually used as a 
triode — not as a diode connected 
as described in the article. The 
grid-leak detection method was 
used in most cases. The next most 
popular method for using the 201A 
as a detector was the grid-bias 
method, again as a triode. 

I haven't had any problem get- 
ting 201A tubes for my radio collec- 
tion at the swap meets of the 
Southern California Antique Radio 
Society (SCARS). Some of the deal- 
ers that advertise in various 
periodicals (such as Antique Elec- 
tronic Supply in Tempe, AZ) also 
have some201A's available. Unfor- 
tunately, some day they will all be 
gone, and we will probably have to 
resort to embedding FET's in the 
bases of duds to keep the 1920's 
radios operational. 
LARRY KENAN 

A HAPPY HACKER 

Back when Byron C. Wels was 
making all those disparaging re- 
marks about hackers in Computer- 
Digest, I was seriously considering 
not renewing my subscription to 
Radio-Electronics. I'm glad I did re- 
new anyway. Although I have not 
purchased the PT-68K, and may 
never do so, I consider all the 



space devoted to it to be well 
used. 

Should you ever feel under 
pressure to emulate those "other" 
magazines — those that seem to 
believe that there's no home-brew 
market, no life beyond MS-DOS 
and OS/2, and belittle publication 
of schematics and hard details — I 
hope you will stick to your present 
course. This is one hacker who is 
very appreciative of what you've 
done, and is looking for more in 
the future. Perhaps you can cover 
the National 32XXX series or one of 
the RISC IC's next time around. 
VICTOR R. FRANK, EDITOR 
Sanyo PC Hacker's Newsletter 
Woodside, CA 
Westlake Village, CA 

WE WANT OUR HDTV! 

Enough already! There can be 
no high-definition television so 
long as the FCC decrees com- 
patibility with the present NTSC 
specifications. Remember, those 
specifications are over 50 years 
old — at that time, it was a battle to 
get a 6-MHz-wide modulation en- 
velope! 

What we desperately need is a 
far-reaching FCC-type organiza- 
tion that sees where we can go, 
and opens all the standards 
needed for us to get there. The 
following are a few possibilities 
that deserve consideration. 

A world-wide standard is 
needed, as satellite distribution is, 
or will be, taking over, regardless 
of what the networks might want. 
The main disagreement that pre- 
vents a world standard seems to be 
tying the vertical sweep to power- 
line frequency. However, that 
shouldn't be a problem, as color- 
television sets no longer use the 
power-line frequency as a stan- 
dard. Another world standard ex- 
ists that could be used and, at the 
same time, could ease the transfer 
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of that format to the TV wo rid — the 
24-frames-per-minute format cur- 
rently used in movie production. If 
that is too slow to allow interlace 
(which may no longer be needed 
with a modern modulation sys- 
tem), perhaps 48-frames-per-sec- 
ond, would work. 

What system of color is best? 
Are there any color systems that 
are better than NTSC's? My under- 
standing is that SECAM is the least 
troublesome — as it has no con- 
sumer-adjustable controls, the 
number of false adjustments made 
possible by NTSC is reduced. 

Aspect ratio: yes, make it wider! 
Stereo sound, by all means — but 
make the channels discrete. That 
is done on satellites, so why not 
for broadcast channels? Maybe a 
third channel should be estab- 
lished, to allow for whatever might 
be need in the future. 

Stereoscopic presentation is the 
main reason for this letter. That 
isn't mentioned in any of the 
HDTV proposals. (Will we have to 
go through all this again a few 
years down the road?) There are a 
few stereoscopic systems avail- 
able; most require that the viewer 
wear special glasses. There is one 
(mostly forgotten) system, how- 
ever, that was demonstrated on na- 
tional-network television during a 
newscast. That test gave a feeling 
of depth that I still remember. It 
had a flicker problem that, as I see 
it, was probably due to the field 
rates present. That's why 48 
frames, or some other multiple, 
should work. As I recall, the sys- 
tem was developed by some pro- 
fessors at Stanford; other than the 
demo I described, nothing more 
has been reported. 

Why not make the entire TV sig- 
nal some form of FM? That would 
allow noise reduction never avail- 
able to our present system. (Have 
you ever seen a noisy, distorted, 
bad satellite signal?) 

Again, who needs a standard for 
our most widely used entertain- 
ment system that can't grow as the 
technology expands? 

I am sending a copy of this letter 
to my representative in Congress; 
I ask those who agree to do the 
same. 

ORVAL NEMITZ 
Tuscon, AZ 



MORE ON SPEAKER LEADS 

I would like to put my two bits 
in, concerning your answer to the 
question "Speaker Leads Too 
Small?" in "Ask R-E" in the Febru- 
ary 1988 issue of Radio-Electronics. 
I feel you stopped short of the 
complete answer. 

Back in 1973, 1 was asked to eval- 
uate Monster Cable for its inher- 
ent characteristics pertaining to 
audio use. I installed a purely re- 
sistive 8-ohm load on one end of 
50 feet of Monster Cable, and fed 
the open end with a Mcintosh 2020 
power amp fed by a Hewlett Pack- 
ard motor-driven sine-wave gener- 
ator. I used that to establish a 
calibrated response curve for the 
cable itself. 

That little exercise proved en- 
lightening. Throughout the audio 
spectrum (20 Hz to 20 kHz) the 
Monster Cable exhibited a reason- 
ably flat response— ±3 dB. That 
would create no audible dif- 
ference in either audio quality or 
response. 

Out of curiosity, I connected the 
small wire usually shipped with 
speaker systems and found that as 
the frequency increased, the im- 
pedance of the wire increased. As 
the old saying goes, "As the im- 
pedance grows, the wattage 
goes." The load was not getting 
the same power at the higher fre- 
quencies as at the lower frequen- 
cies. Then I tried "zip" cord, house 
wiring, and anything else I could 
get my hands on. Although I got 
various response curves, none of 
them was anywhere within 9 to 10 
dB's at the upper end. 

Next came real-life testing with 
real-life speakers, with the same 
results: The upper end lacked 
brightness, crispness and volume. 
In fact, it sounded mushy unless 
the connections were made with 
Monster Cable. The real-time re- 
sponse curves showed the identi- 
cal results obtained earlier with 
the resistive load: The impedance 
of the cables was killing the high 
end. Unless the speaker manufac- 
turer compensated by making his 
speakers overly bright, the results 
would be a mushy, low high-end 
response and a loose-sounding 
bottom end. 
LELAND R. FABER CET 
Santa Rosa, CA R-E 
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The Pulse of Dependable Communications 

trystek Cr^iflkDfSeriihcr new 1 6 page FREE catalog akr>siah 
arcd oscillators Offering stattohthe-afl crystal componenls 
manufactuted by the latest automated tectinQtogy Custom 
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CRYSTEK CORPORATION 
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P.O. Bos 061 35 ■ Ft. Mysrs, FL 33906-6 133 

TOLL FREE 1-800-237-3061 
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Equipment Reports 



B + K Precision Model 
388-HD Test Bench 




A test bench you can fit in 
your pocket! 

CIRCLE 14 ON FREE INFORMATION CARD 



IF YOU DO ANY AMOUNT OF FIELD SER- 

vice, you know how frustrating it 
can be to find that you left a piece 
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DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPY 
PROTECTIONS 




While watching rental 
movies, you will nohce an- 
noying periodic color 
darkening, color shift, un- 
wanted lines, flashing or 
Jagged edges. This is 
caused by the copy protec- 
tion jamming signals em- 
bedded in the video tape. 
such as Macrovision copy 
protection. Digital Video 
Stabilizer: RXII completely 
eliminates all copy protec- 
tions and |amming signals 
and brings you crystal clear 
pictures. 

FEATURES: 

• Easy to use and a snap 
to install 

• State-of-the-art in- 
tegrated circuit lechnol- 



ii5o$ 



i% automatic- no 
need for any 
troublesome adjust- 
ments 

• Compatible to ali types 
of VCRa and TVs 

• The best and most excit- 
ing video Stabilizer In 
the market 

• Light weight (3 ounces) 
and Compact (1x3.5*5') 

• Beautiful deluxe gift box 

• Uses a standard 3 Volt 
baJtery which will last 1 - 
2 years. 



WARNING : 

SCO 

Electronics and 
RXII dealers do 
not encourage 
people to use 
the Digital 
Video Stabilizer 
to duplicate 
rental movies 
or copyrighted 
video tapes. 
RXII is in- 
tended to stabi- 
lize and restore 
crystal clear 
picture quality 
for private 
home use only. 

( Dealers Welcome ) 



ToOrden $49 ea - sj cm fast ups shipping 
1-800-445-9285 or 516-694-1240 

Visa. M/C, COD M-F: 9-6 (battery nol included) 

SCO ELECTRONICS INC. 

Depl. CAS 581 W. Merrick Rd. Valley Stream NY 11680 

Unconditional 30 days Money Back Guarantee 



of needed test gear behind. On 
the other hand, lugging equip- 
ment that you probably won't 
need can get frustrating, too. 
We've recently examined a new 
test instrument that should make 
life a little easier for many techni- 
cians: the model 388-HD from 
B + K Precision (6470 West Cor- 
tland Street, Chicago, IL 60635). 

B + K Precision calls their 388- 
HD the Test Bench. It's a name that 
fits. The multimeter not only mea- 
sures resistance, AC and DC volt- 
age, and AC and DC current; it is 
also a capacitance meter, a fre- 
quency counter, a diode tester, a 
logic probe, a continuity checker, 
and a transistor tester. Even with 
all of those functions, you can still 
fit the Test Bench in your hip 
pocket; its case is smaller than V/i 
x 3% x Th inches, and weighs 
less than a pound. 

The test bench is as easy to use 
as any other multimeter. Its front 
panel features only two controls: 
an AC/DC slide switch, and a large 
rotary function selector. The dis- 
play is an easy-to-read 3Vi digit 
LCD with 0.7-inch digits. Four test- 
probe input jacks, a transistor 
socket, and capacitor socket com- 
plete the front panel. 

Specifications 

Five DC voltage ranges (200 mV 



to 1000 V) and 5 AC voltage ranges 
{200 mV to 750 volts) are featured 
on the Test Bench. With an input 
impedance of 10 megohms, you 
won't have to worry about loading 
down the circuit under test. 

Six ranges, from 200 ^A to 20 A, 
are offered for current measure- 
ments. To make current measure- 
ments, you must use separate 
input jacks. One jack is good for 
measurements to 2 amps, while a 
second is good for up to 20 amps. 
The 20-amp input is not fused, so 
you must be very careful to switch 
test leads when switching from 
current to voltage measurements. 
Otherwise, you will create a short 
circuit when you make your next 
voltage measurement. 

The Test Bench features seven 
resistance ranges, from 200 ohms 
to 2000 megohms. An audible con- 
tinuity test is also featured, which 
sounds a tone when the probed 
resistance is below about 200 
ohms. The related diode-test 
mode can be used to check the 
forward and reverse voltages of 
semiconductor junctions. 

The capacitance-measuring 
portion of the meter features 5 
ranges from .002 llF to 20 li.F. The 
capacitor is simply plugged into 
the slotted test jacks for measure- 
ment. No input protection is pro- 
vided on those inputs, so it is 
essential that you short the leads 
of the capacitor together to dis- 
charge it before measuring it. 

The Test Bench can measure fre- 
quencies to 200 kHz in three 
ranges, with a minimum input fre- 
quency of 20 Hz, and a sensitivity 
of 200 mV. The meter also serves as 
a logic probe. Annunciators on the 
LCD, in the shape of upward- and 
downward-pointing arrows, indi- 
cate high and low TTL levels. A 
high level is considered to be over 
2.4 volts, and a low, under 0.8 
volts. No pulse indication is avail- 
able. 

Both NPN and PNP transistors 
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can be tested for /i FE or DC gain. 
The transistor is simply inserted 
into the test socket, and the selec- 
tor is turned to either NPN or PNP. 
The DC gain can be read directly 
from (he display. 

Using the Test Bench 

Despite its 11 functions and 41 
ranges, the Test Bench is very easy 
to use. dc and ac annunciators 
make it difficult to make measure- 
ments in the incorrect mode. In 
the capacitance mode, a ex ann- 
unciator appears, and in the logic 
mode, a logic annunciator ap- 
pears. In the frequency mode, a 
kHz annunciator is used. Unfor- 
tunately, the resistance, voltage, 
current, h fEl and continuity modes 
have no LCD annunciators. The 
only time that could present a 
problem is when you must switch 
between voltage and current read- 
ings. If you make a measurement 
with the meter in thewrong mode, 
you run the risk of short-circuiting 
a voltage source. 

Of course, that mistake will 
more likely be the result of forget- 
ting to switch the "hot" probe be- 
tween the v-Il-Hz input jack and 
one of the current input jacks to 
make the appropriate measure- 
ments. Fortunately the function 
selector, which dominates the 
front panel, is clearly marked with 
the modes and the input jacks are 
clearly labeled. 

Of course, the Test Bench can- 
not take the place of a full-featured 
frequency counter, capacitance 
meter, and transistor tester. But 
then again, it doesn't try to. Of 
course, compromises had to be 
made to get so many instruments 
crammed into such a small case. 
We feel that the people at B + K 
Precision made the right compro- 
mises. For a technician who must 
commonly make a wide range of 
measurements, this meter might 
be a perfect alternative to carrying 
a trunk full of test gear. 

It is rare that an instrument that 
is good for an electronics profes- 
sional makes sense for a hob- 
byist — even a beginning hobbyist. 
The Test Bench packs many fea- 
tures in its modest size — at a price 
that would be impossible to beat 
buying separate units. At $139, we 
feel that the Test Bench makes 
sense for everyone. R-E 



Try the 



Electronics 



bulletin board system 



(RE-BBS) 516-293-2283 

The more you use it the more useful it becomes. 

We support 300 and 1200 baud operation. 

Parameters: 8N1 (8 data bits, no parity, 1 stop bit) or 7E1 (7 data bits, even 
parity, 1 stop bit). 

Add yourself to our user files to increase your access. 

Communicate with other R-E readers. 

Leave your comments on R-E with the SYSOP. 



RE-BBS 
516-293-2283 



Upto- 



50*Savings 
on Probes 




Model SP100 
Switchable1X-10X 



Performance 
Guaranteed 



TEST 
PROBES, INC. 



91 78 Brown Deer Road 
San Diego, CA 92121 

Call toll free for informa- 
tion and free catalog: 
1-800-368-5719 
1-800-643-8382 in CA 




ORDER FROM THESE DISTRIBUTORS. 

Or Phone Toll Free lor Ihe Distributor Nearesl You 



dfifelN contact east Metermaster 



1-800-535-9593 
1 -800-462-9520 LA 


1-600-225-5370 
(508) 682-2000 MA 




1-800-962-6128 
(213) 685-4340 CA 










KiT'Jt«>jl F/'rlJI 


I ^^k. 




i&yCQJJRQN 














1 -8OO-527-501 S 
(214) 55<M923 TX 


1 -800-363-6592 Canada 
1-800-363-7601 QUE 


(617) B79-7650 


J^ jeNseN" tools inc. ppQ electronics 

J* (602)968-6231 D WO LIMITED 
<^4 016) 661-5565 



Allied electronics* kUESTCDn H~IC. 



1-800-433-5700, (817) 336-5401 TX 



(503) 283-0132 OR, (206) 223-1133 WA 
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An affordable portable 



Price/Bandwidth 



$4995 100 MHz 2230 DSO: 20 MS/s. 4K Record Length, 100 ns Glitch Capture. Cursors, CRT Readout, GPIB or RS-232-C Option 

$3995 60 MHz 2221 DSO, 20 MS/s, 4K Record Length, 1 00 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option 

$2995 60 MHz 2220 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, GPIB or RS-232-C Option 

$2995 100 MHz 2236 Two Channel, Counter/Timer/DMM, Dual Time Base 

y^$2795 100 MHz 2247A Four Channel, Counter/Timer, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors'" 

$2495 100 MHz 2246A Four Channel, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors,™ Dual Time Base 

$2395 50 MHz 2210 DSO, 20 MS/s Sample Rate, 4K Record Length 

^$1495 20 MHz 2201 DSO, 1 MS/s Sample Rate, 2K Record Length, Hard Copy (RS-232-C) Option 

$1895 100 MHz 2245A Four Channel, Auto Setup, Cursors, Dual Time Base 




$1 695 100 MHz 2235 Two Channel, Dual Time Base 



$1 095 50 MHz 2225 Two Channel, Horizontal Magnification <x5, x1 0, x50) 
$695 20 MHz 2205 Two Channel 



"Digilal Stooge Oscilloscope 



Check the prices 
and performance. You'll find 
the best measure of both in 
Tek 2200 Series Oscillo- 
scopes. Twelve scopes with 
bandwidths ranging from 20 
to 100 MHz. Two and four 
channels. Analog and digital. 
And prices starting at just 
$695. 

Select for such features 
as automatic setup, time 
and voltage cursors, 
built-in DMM functions, 
Counter/Timer and dual 
analog/digital capabilities 
at the push of a button. 

These are scopes you'll 
appreciate for their well- 
proven reliability, achieved 
through simplified, practical 
internal design. They come 
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right within your range. 




Industrial-quality test 
instrumentation starting 
at $295. 




For easy ordering 
or more information, 
call Tek direct; 



complete with probes and 
comprehensive Tek warranty 
that includes the CRT. 

Ask those who own, use 
and rely on one — on the 
bench or in the field. There's 
just no substitute for genuine 
Tek quality. At any price. And 
at these prices, all the better. 

Order one to go. Ask your 
Tek representative to set up a 
demo. Or call Tek direct. No 
need to settle for less when 
there's a top quality Tek J 
portable with perform-, 
ance and price right 
within your range. 



1-800-426-2200 



Tektronix 

COMMITTED TO EXCELLENCE 
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New Products 
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STILL IMAGE VIDEO CAMERA. 

Sony has added a new dimension 
to photographic instant gratifica- 
tion with the Consumer Mavica 
(model MVC-C1), a compact still 
image video camera, and the MAP- 
T1 playback adaptor. The camera 
"captures the moment" in color 
images, much like a standard 
35mm camera. But instead of wait- 
ing for photographic film process- 
ing, you can instantly play back 
images, electronically, on any tele- 
vision or monitor, using the play- 
back adaptor. 

The Mavica system uses magnet- 
ic recording of a still image video 
signal, allowing a quality image 
(up to 300 lines of horizontal reso- 
lution) to be viewed immediately. 
As many as 50 images can be re- 
corded on an erasable and reusa- 
ble 2-inch disk (similar to a 
computer floppy disk), and played 
back through an adaptor. Since the 
data is stored digitally, interfacing 
the Mavica to computers, word 
processors, etc., is certainly possi- 



ble, although Sony offers no way 
to do so at this time. 

Sony developed the concept of 
electronic photography over a de- 
cade ago; in 1981 they introduced 
the world's first electronic still 
imaging system, Magnetic Wdeo 
CAmera or Mavica. Since then, 
they've improved the picture qual- 
ity, and reduced the size and 
weight, resulting in the Consumer 
Mavica, (A professional Mavica 
system has been available for 
some time now.) 

The Consumer Mavica offers 
features that you'd expect on a 
good snapshot camera. For ease of 
use, it offers "point and shoot" 
simplicity, with a 15mm f/2.8 fixed- 
focus lens, an automatic iris and 
shutter speed system, a built-in 
strobe that is automatically acti- 
vated in low-light conditions, and 
a built-in electronic image-sensing 
shutter. A 10-second timer allows 
the photographer to get in the pic- 
ture. 

Designed to fit in the palm of the 



hand, the Mavica weighs just over 
a pound and measures 5%- by 2!4- 
414-1 nches. 

The camera also offers continu- 
ous, high-speed still image re- 
cording at 4 to 9 pictures per 
second, allowing for the precise 
recording of such motions as golf 
and tennis swings. The shutter 
speed is automatically set accord- 
ing to available light and can range 
from Mo to l/wo seconds. A "blank 
search" function automatically ad- 
vances the disk to a blank frame. 
Information, such as battery con- 
dition, recording mode, and disk 
status, is provided at a glance. 
Power is provided by a 6-volt re- 
chargeable ni-cad battery. 

The lightweight MAP-T1 play- 
back adaptor allows images to be 
viewed one at a time, or at contin- 
uous 5-second intervals. The unit's 
single/all erase function permits 
unwanted single pictures, or the 
entire disk, to be erased. A wire- 
less remote control (RM-C1K) is 
available optionally. It comes with 
a rechargeable 6-volt ni-cad bat- 
tery pack, and a 9-volt AC power 
adaptor. 

Sony envisions applications in 
business, for note-taking and as a 
presentation tool; in real estate 
and retail sales; for analyzing 
sports performances; and for con- 
sumers. According to Sony, with 
the advent of VCR's and camcor- 
ders "consumers have begun to 
look at television not only as a pas- 
sive receiver of broadcast signals, 
but also as a video monitor for in- 
teractive purposes." 

The Consumer Mavica, with soft 
carrying case and a 2-inch Mavipak 
still video floppy disk, costs 
$650.00. The MAPA adaptor costs 
$249.00. Both units will be avail- 
able in this spring. — Sony Corpora- 
tion of America, 9 West 57th Street, 
New York, NY 10019. 
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SMT SERVICE KIT. Surface- 
mounted components are being 
used on circuit boards with ever- 
increasing frequency. The high 
cost of replacing those boards 
makes repairing them a more at- 
tractive and economical solution. 
Fluke's Surface-Mount Technology 
Service Kit provides service and 
test engineers with the specialized 
tools and supplies that are needed 
for component-level repair of sur- 
face-mount assembly. In-depth in- 
structional information is also 
provided, in the form of video- 
tapes and workbooks, to help 
technicians become more profi- 
cient in SMT servicing. The kit is 
intended to eliminate the costly 
replacement of SMT circuit boards 
in many cases. It is particularly 
effective when used in conjunc- 
tion with such board testers as the 
Fluke 9100, 9010, 900, and 90 series, 
which have component-level fault- 
isolation capabilities. 
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The SMT service kit contains a 
handheld, temperature-regulated, 
hot-air solder tool that can quickly 
solder and de-solder any size or 
type of surface-mount compo- 
nent. Three nozzles are included; 
other nozzle configurations, to 
match virtually any SMC outline, 
are available separately. 

All the specific tools needed to 
perform repair and service tasks 
are included in the kit, along with 
a training video and workbook. 

The Surface-Mount Technology 
Service Kit has as suggested list 
price of $1995.00.— John Fluke Mfg. 
Co., Inc., P.O. Box C-9090, Everett, 
WA 98206; (800) -443-5853, ext. 73. 



CONTACT ENHANCER. Not just 
another contact cleaner, Stabiiant 
22— billed as "the world's first liq- 
uid semiconductor" — is an elec- 
trically active material that en- 
hances conductivity within a 
contact without causing electrical 
leakage between adjacent con- 
tacts. Manufactured by D.W. Elec- 
trochemical, the product is an 
initially non-conductive block 
polymer that, when used in con- 
tacts, acts under the effect of the 
electrical field and switches to a 



conductive state. Thus, Stabiiant 
22 provides the connection re- 
liability of a soldered joint without 
bonding the contacting surfaces. 
Poor connector conductivity in 
highly sensitive electronic systems 
can cause these irksome prob- 
lems — static, noise, intermittents, 
erratic electrical behavior, and sig- 
nal distortion — that service and 
maintenance technicians spend so 
much of their time solving. 
Stabiiant 22 coats the mating sur- 
faces of the contacts and fills the 
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Model 2120 
Oscilloscope 

DC to 20 MH2. Dual Trace, 
6" CRT, Imv Sensitivity 

Reg $520 3/ 9« 

40THANH.VEMABYPR.CE 



MdcKI ?125 flsEllhneope 
Same great Features as 2120 
except with delayed 
sweep jc-IQ JQ 

Rsg.SeZQ DIM. 

tarn amivehiaot price 

Model 1541A OicllloicopeDC to 
40 MHi, Dual Trace. 6" CRT imv 
Sen-ssiivny 
Reg SM5 

4DTM AKKIT ERIAOT MtltE 

Model 2160 OHllIosMpaDC- 
60MHz, dual trace, delay sweep, 
6' CRT, 1 mv. sensitivity 



739.« 



»4ig4o 



*839. 4 ° 



Reg.S995 
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Model 25 23 Digital Sto rags 
20MHz. Dual Trace. 2mv Sens. 



s 1795. 4 ° 



Reg, S1990 

lETHAMHERMIrrHKE 

Modal Z5ZT [i i n i I r - Stflrifle 

20MHz. Dual Trace CRT Readout, 
Cursors, RS232 Interface 



11249 NTSCyRGB Color Bir 

r. Composite Video 
Output. RF Ointpirt $j-ifi An 
FC9.W99 4iy^ U 

*STH AHWiKMAW PRICE 
Model 20.09^15 TV Stereo 
Gerenlar Ideal lor Stereo TV. 
Receivers. VCR's and Stereo 
Adapter Service ti 
Reg.S499 

4.DTH AH H IVEiFtSART PRICE 

Model 2830 3W DIGIT LEO 

BENCH MullEmeter .5 CCV 
Accuracy. AIL 33 Ranges and 
Functions are Push Button 
Stiectaale jnnn jt ji 

Retj. S243 tUB. U 

tBTH AHHIVErttAKT PRICE 

Model 1045 Telephone Produce 

Tester Provides Basic Operation 
Tests lor Corded and Cordless 
Telephones. Answering Machines 
and Automatic Dialers 



Model 1 2Q05 RF £lgml Generator 
1QQKHjlci15UMHz.in& 
fundamental bands and 45Q MHz 
in harmonics tj 

Rig. $195 

JfTHAKKIirfft&UtY HUM 

Mod«r3011 Ririetlon Generator 
2 MHz. A digit display, TTL4 
CMOS pulse outputs j j 
Reg. $239 

44TH Mtltltf Jtjllflt HUCt 

Model 1530 DC Power Supply 
Q-3QV. G-3A. high-low current 
range, Low ripple 



Reg. 5251 



•165« 



J 199. 40 



•389." 



*209M 



JJTH AH hl1FR.SAH'!f PRICE 



Model 1601 DC Power Supply 
isolated 0-.S0V. 0-2A in ranges. 
fully automatic shutdown. Ad|. 
current limit «m 

Reg. 54153 

WHMRnVtftttllT PRICE 

Model 1650 Triple Outp jI Power 
Supply two 0-25 VDC ® ,5A and 
5VDC 6 5A fully automata 

shutdown tJAA An 

RegS4B9 4Q9. 40 

4iTH MM HnmU REPRICE 

Model 1053 AC Power Supply 

variable isolated" L>1&Q VAC @ 
2A, built-in isolation translormer 

MI.KH *169. 40 

UTHAHHIWIHAnVr -iMC-£ 



•415." 



Reg. S3 Jij 

*flT H ANNIVERSJiRY PRICE 



s 2745. 40 



Reg. S495 

IOTA ANIIIYEMAAY MICE 

Model 1&03 Fre dju en ty Counter 
100 MHz, 5 digit display, zero 
blanking AC or Battery 



Reg. SI 99 

«m ANNirftR^r.Y paict 
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We are celebrating our 40th Anniversary by ottering 
you huge savings on B£.K Test Equipment. 



NEW! Model 388-HD 
Hand-held m Digit LCD 
TEST BENCH 

41 voltage ranges, frequency 

counter, capacitance meter, 
logic probe, transistor and diode 
tester. All packed into a drop - 
resistant case. SPECIAL PRICE! 

Reg. $139 '119. 40 




Send for FREE JflO page "Industrial 
Products Catalog." I understand It is 
FREE with any order or it requested 
on company letterhead. (Other- 
wise. S4.95 to cover catalog and 
shipping costs.) 

ORDER TOLL FREE 

■ -800- 3 23- 59 25 

imuiHois 

312-297-4200 

FAX: 312-297-6923 
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JOSEPH ELECTRONICS, INC. Depf.R 
8830 N. Milwaukee Ave. Niles, IL 60648 

D Rush merchandise per attached order 

1 understand rated accounts ore shipped open 

account; otherwise send per credit cord. 

Include $5,00 per item tor shipping and handling. 

D Visa D Master Card □ Dtscover 

D Check □ Money Order D Rush Catalog 




CLCL, J MW W(UD 









< 




> 

o 


Name 


CS^H Company 


1 X 


B^9 S1 reel Adtfresi 


CO 


CHv 
ILRes.7%Tpx 


State 


Zip 


a> 

CO 



23 




CHEMICAL 
SOLUTIONS 

FREE CHEMTRONICS CATALOG! 
Comprehensive new source for over 
200 products used in electronic man- 
ufacturing and field service. Precision 
cleaning agents, flux removers, bulk 
solvents, circuit refrigerants, precision 
dusters, non-residual wipers, foam 
swabs, pre moistened pads swabs, 
antistatic compounds, conformal coat- 
ings, lubricants, adhesives, desolder- 
ing braids, rosin core solder and solder 
masking agents. Complete with tech- 
nical specifications and application 
guide. 

Chemiranics Inc. 

681 Old Willets Pain 
, Hauppauge, N V 11788 
516-582-332? 
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Be an FCC 
LICENSED 

ELECTRONIC TECHNICIAN! 




r.aaif 
No previous experience needed! | 



No costly School. No commuting to class. 
The Original Home-Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications, Radio-TV, Micro- 
wave, Computers. Radar, Avionics and 
more! You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy, fast and low 
to cost! GUARANTEED PASS — You get your 
2 FCC License or money refunded. Send for 
£ FREE facts now. MAIL COUPON TODAY! 

"commfliiD VroductioTis" 

FCC LICENSE TRAINING, Dept. 90 
P.O. Box 2824, San Francisco, CA 94126 

Please rush FREE details immediately! i 

NAME ! 



ft r 

B J 
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2 i 
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ADDRESS 
CITY 



STATE 



ZIP 



gaps between the original, scat- 
tered point-contacts. It substan- 
tially improves signal integrity 
and, at the same time, seals the 
connection against dirt, grit, and 
contaminants that can cause tar- 
nish and corrosion. 
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A drop of Stabilant 22 is applied 
with the dab of a finger, or a quick 
brush stroke, to the contact area. 
Socketed IC's can be treated with 
Stabilant 22a, a diluted version of 
the original that will penetrate the 
smallest crevice. Applications in- 
clude computer, telecommunica- 
tion, broadcasting, transporta- 
tion, and medical equipment; as 
well as relays, BNC connectors, 
switches, and the like. The man- 
ufacturer reports reliability im- 
provements ranging from 10-fold 
to 100-fold, and claims that a single 
treatment of Stabilant 22 will often 
outlast the useful life of the equip- 
ment it's applied to. 

Stabilant 22 and Stabilant 22a are 
each available in sizes from Vi 
milliliter to 1 liter. The 15-ml 
Stabilant 22 concentrate retails at 
$102.00 U.S.; a 15-ml Stabilant 22a 
service kit (the most popular form) 
costs $36.00 U.S.— D.W. Elec- 
trochemicals Ltd., 9005 Leslie 
Street, Unit 106, Richmond Hill, 
Ontario, Canada, L4B 1C7. 

CURRENT PROBE. The ST-265 is a 
clamp-on AC-current adapter. 
With it, users can make AC-current 
measurements of up to 1000 amps 
with a conventional digital multi- 
meter. 

Weighing only 7 ounces and 
compact in size, the unit is ideal 
for field-service as well as in- 
house technicians. It features 1- 
amp AC resolution and 2.5% ac- 
curacy. It has a 2.1-inch jaw open- 
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ing, and comes complete with test 
leads, a wrist strap, and a durable 
high-impact case. 

The ST-265 AC current probe 
costs $29. 95. — Elenco Electronics, 
Inc., 150 West Carpenter Avenue, 
Wheeling, IL 60090. 

DIGITAL INPUT/OUTPUT CARD. 

The R725 is a relay actuator and 
digital input card for PC's, XT's, 
AT's, or compatible computers. It 
offers 8 relay-actuator outputs and 
8 digital-input channels. The card 
also features 8 LED indicators to 
monitor active relays, on-board re- 
lay-driver and signal-conditioning 
circuits, and jumper-selectable in- 
put modes (isolated or non-iso- 
lated). 
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Fully programmable from any 
PC, XT, AT, or compatible with the 
source code in the user's manual, 
the card has a relay switching time 
of 10 msec, and is opto-isolated to 
1500-volts DC. Applications in- 
clude digital signal sensing, valve 
control, high-power relay driving, 
and switch-contact sensing. 

The R725 relay actuator and digi- 
tal input card costs $495.00 — Rapid 
Systems, 433 North 34th Street, 
Seattle, WA 98103. R-E 
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A new "disco" circuit. 
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SEVERAL HELPLINE CALLERS HAVE NOW 

asked what the main difference is 
between the BSEE "engineering" 
and the BSEET "supertech" de- 
grees. The quick answer is 
"around a million dollars or so." 

That is roughly how much extra 
lifetime income the BSEE degree 
will garner on the average, includ- 
ing the benefits, perks, retirement 
plans, investments, other 
amenities, and also allowing for 
inflation. 

It is no secret that the techni- 
cians and supertechs will often do 
all the work and the engineers get 
all the credit, all of the pay, and all 
of the promotions. Not to mention 
both an office and a real desk. 

Many of the larger and "old line" 
electronics outfits tend to treat 
their techs and supertechs as sec- 
ond-class citizens, severely limit- 
ing their advancement and salary 
opportunities. Those problems 
are especially acute in aerospace 
and defense. 

So, if you can handle all of the 
math and can pass all of those re- 
quired non-engineering courses, 
then a BSEE will offer something 
around a 26.5 decibel better cost/ 
benefit ratio over the BSEET. 

The helpline response over the 
fluxgate magnetometer compass 
we looked at back in December 
has been utterly astounding, and I 
do thank you. A new source for 
the fluxgate magnetometer com- 
pass kits is Rusty Circuits. 

Radio Shack also now has a low- 
cost solid-state fluxgate auto- 
motive compass. It does appear to 
be a two-piece unit having the 
fluxgate sensor windshield 
mounted via a short length of 5- 



conductor cable. The display itself 
is a servo-like pair of coils that acti- 
vate a magnetized compass rose 
disk. The accuracy does seem very 
limited, but it costs only $49.95. 
That should hack beautifully. More 
on that whenever. 

Radio Shack also has a new and 
"intelligent" power strip that turns 
on all your computer peripherals 
or home-video accessories when- 
ever a main load is switched on or 
off. Some helpline callers have 
been asking for circuits to do that. 

Several of your Canadian read- 
ers have been wondering why very 
few of those smaller electronics 
outfits will even give them the time 
of day. The answer is that there are 
just enough hassles involved that 
it is almost always a net loss of 
energy and time and money to do 
so. 

My personal horror stories here 
include your Canadian post office 
refusing to accept my first-class 
mail, and waiting three hours in a 
bank for them to decide to use 
the Canadian exchange rate for a 
Nova Scotia bank. Honest. They 
couldn't find any country that was 
named Nova Scotia, so they had to 
call up the head office four times. 
Those epsilon minuses were just 

NEED HELP? 



Phone or write your Hardware 
Hacker questions directly to: 
Don Lancaster 
Synergetics 

Box 809 

Thatcher, AZ 85552 

(602) 428-4073 



about as sharp as five pounds of 
raw liver. 

Finally, they ended up giving me 
$7.65 for a $24.50 check. Life is too 
short for that sort of thing. 

Our focus this month is on the 
electronic lighting controls for 
rock concerts, discos, theater 
lighting, color organs, and what- 
ever. But first, let's get up to date 
on... 

Library research 

Some exciting things have been 
happening at the library lately. 
First and foremost, lots of libraries 
are now putting their card catalogs 
and public serials lists onto new 
on-line electronic BBS bulletin 
boards, so you can now find out 
what's available without leaving 
home. 

One example of that would be 
the Arizona State Unive rs'tty library 
BBS, reachable at (602) 965-7003. 

The second really big news item 
for all of you hackers is that many 
libraries are now offering the great 
Dialog Information Service. Di- 
alog is a "supergroup" electronic 
search service covering many hun- 
dreds of electronic data bases. If 
the topic that you are researching 
is even remotely popular or schol- 
arly, you will definitely find it on 
Dialog. 

While the $2 per minute typical 
Dialog charges may seem a tad on 
the steep side at first glance, (A) 
that is ridiculously and insanely 
cheaper than getting the informa- 
tion by any other means; (B) the s 
searches are far more thorough £ 
and complete than you could pos- S 
sibly hope to do by yourself; and £ 
(C) with practice and help from the § 
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trained librarian, you can make 
your searches extremely time and 
cost efficient. 

As an example of one tiny nook 
over in one obscure Dialog corner, 
there is the INSPEC data base. That 
holds four million abstracts of just 
about everything that's been done 
recently in the fields of physics, 
electronics, and computer sci- 
ence. INSPEC will often be a 
hacker's first and last stop. 

Usually, you will use Dialog to 
get the abstracts of the key papers 
of whatever it is you are after. From 
there, you can go to the 
Engineering Societies Library or 
else UMI for the full text reprints. 

UMI is the usual place that a 
hacker or researcher would nor- 
mally go to get low-cost reprints 
on most any topic, as long as you 
know the exact publication title 
and all of the page numbers. 

Naturally there's also the good 
old Interlibraryloan service that all 
libraries provide, as well as dig- 
ging out the papers by yourself. 

Yes, you can subscribe to Dialog 



y 

o 

ce 

& 

UJ 

_i 

LU 

o 

D 
< 

rx 



on your own for a fairly reasonable 
annual fee. Sadly, the hidden costs 
of all the needed manuals and all 
the time needed learning them 
and keeping them current will eat 
you alive. Use the library instead. 

As a quick reminder of some of 
the other obscure interesting stuff 
in a good library, there is the 
Thomas Registry of Manufacturers 
which lists nearly everybody who 
makes or resells anything any- 
where, and Uhlrichts Periodicals 
Dictionary, which shows you who 
publishes all of those many tens of 
thousands of magazines, scholarly 
publications, and trade journals 
(many are free to "qualified" sub- 
scribers), and the Science Cita- 
tions Index, which, miraculously, 
will let you search forward 
through time, picking up newer 
references. 

Additional details on much of 
that appear in my Incredible Se- 
cret A4oney Machine book. 



displays. For an ancient history 
course, check my Solid State 
Color Organ back in the March 
1963 Electronics World, or the 
Colorgan project in the October 
1965 issue of Radio-Electronics. 

Or perhaps the good old 
Musette duly 1966) and that 
Psychedelia I (September 1969) 
that also appeared later on in Popu- 
lar Electronics. 

At any rate, what I would like to 
do here is review the fundamen- 
tals of modern and personal-com- 
puter-based solid-state AC power 
control. 

Obviously, you cannot just hang 
a100-watt light bulb on a computer 
output port. The digital logic sig- 
nal must first become safety-iso- 
lated to eliminate a serious shock 
hazard and then somehow get 
"amplified" big enough to control 
the lamp. 

Figure 1 shows you a typical 
computer power-interface circuit. 
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HANDS-ON BOOKS 




Hardware Hacker Reprints II 


24.50 




Ask The Guru Reprints I or II 


24.50 




CMOS Cookbook 


18.50 




TTL Cookbook 


16.50 




Active Filter Cookbook 


15.50 




Micro Cookbook vol t or II 


16.50 




Enhancing your Apple I or tl 


15.50 




Apple Writer Cookbook 


19.50 




Apple Assembly Cookbook 


21.50 




Incredible Secret Money Machine 


10.50 




LaserWriter Reference (Apple) 


19.50 




PostScript Cookbook (Adobe) 


16.50 




PostScript Ref. Man. (Adobe) 


22,50 




PostScript Prog. Design (Adobe) 


22.50 




UNLOCKED SOFTWARE 






PostScript Show & Tell (lle/Mac/PC) 


39.50 




Intro to PostScript VHS Video 


39.50 




PostScript Perspective Draw 


39.50 




PostScript Printed Circuits 


39.50 




PostScript Technical Illustrations 


39.50 




PostScript Work in Progress 


39,50 




PostScript BBS stuff 


19.50 




Absolute Reset lie & lie 


19.50 




A pp le Writer/Lase rwrite r Uti I iti es 


49.50 




Enhance I or II Companion Disk 


19.50 




AppleWriter CB or Assy CB Disk 


24.50 




FREE VOICE HELPLINE VISA/MC 




SYNERGETICS 




BOX 809-RE 






Thatcher, AZ 85552 




(602) 428-4073 








FIG. 1— THIS AC POWER-OUTPUT INTERFACE lets you directly control 100-watt lamps 
and other high-power loads from your microcontroller or your personal computer. The 
special phototriac optocoupler provides safety isolation. Note that a low-logic input will 
light the lamp. 
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AC lighting controls 

There's lots of interest these 
days in controlling large 120-volt 
AC light bulbs directly from your 
personal computer. Important 
uses include psychedelic lighting 
shows, advertising signs, rock 
concerts, theater and disco light- 
ing, laseriums, new-age relaxation 
techniques, casinos, traffic dis- 
plays, scoreboards, store win- 
dows, etc., etc. 

I guess I kind of pioneered at 
least part of that field. Way back 
then, we were interested in color 
organs — circuits that converted 
music into home-audio lighting 



The two key parts are a very special 
form of optocoupler called a pho- 
totriac isolator, and an AC power- 
control switch called a triac. 

The triac is basically an efficient 
bilateral latching AC power switch. 
Applying a small amount of cur- 
rent in either direction into its gate 
terminal turns on an electronic 
switch between the friac's T1 and 
T2 terminals. The switch then stays 
on until the load current drops to 
zero during the next AC half cycle. 

The phototriac isolator consists 
of an internal light-emitting diode 
that shines on an internal mini- 
ature light-sensitive triac. When 
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NAMES AND NUMBERS 



Advanced Micro Devices 

PO Box 3453 
Sunnyvale, CA 94088 
(800) 538-8450 

ALX Digital 

12265 S Dixie Hwy. #922 
Miami, FL 33156 
(305) 553-3380 

Apple Computer, Inc 

20525 Marian i Avenue 
Cupertino, CA 95014 
(408) 996-1010 

University Libraries BBS 

Arizona State University 
Tempe, AX 85287 
(602) 965-7001 

Caplugs 

2150 Elmwood Avenue 
Buffalo, NY 14207 
(716) 876-9855 

Circuit Cellar, Inc 

4 Park Street, Suite 20 
Vernon, CT 06066 
(203) 875-2751 

Dialog 

3460 Hillview Avenue 
Palo Alto, CA 94304 
(415) 858-2700 

Engineering Societies Library 

345 East 47th Street 



New York, NY 10017 
(212)705-7611 

Ferranti Interdesign Inc 

1500 Green Hills Road 
Scotts Valley, CA 95066 
(408) 438-2900 

GE Solid State 

724 Rt 202 
Somerville, NJ 08876 
(201) 685-6000 

Hamamatsu 

360 Foothill Road 
Bridgewater, NJ 08807 
(201) 231-0960 

Inspec/IEEE 

445 Hoes Lane 
Piscataway, NJ 08855 
(201) 981-0060 

Intersil 

2450 Walsh Avenue 
Santa Clara, CA 95051 
(408) 996-5000 

International Rectifier 

233 Kansas Street 
El Segundo, CA 90245 
(213) 772-2000 

Mitsubishi 

1050 E Arques Avenue 
Sunnyvale, CA 94086 
(408) 730-5900 



Motorola 

5005 E McDowell Road 
Phoenix, AZ 85008 
(602) 244-6900 

RFL Industries 

Powerville Road 
Boonton, NJ 07005 
(201)334-3100 

Rusty Circuits 

Rt 1 Box 16 Road 220 
Angleton, TX 77515 
(409) 2997-8923 

SGS -Thompson 
1000 East Bell Road 
Phoenix, AZ 85022 
(602) 867-6100 

Synergetics 

Box 809 

Thatcher, AZ 85552 
(602) 428-4073 

Texas Instruments 

Box 655303 M/S 8206 
Dallas, TX 75265 
(214) 995-3821 

UMI 

300 North Zeeb Road 
Ann Arbor, Ml 48106 
(800) 521-3044 



you apply an input current to the 
optocoupler, the internal LED 
shines on the little internal pho- 
totriac turning it on, which then 
turns on the main power triac. 

You get safety isolation because 
there is nothing but a light beam 
between the input and output. 
Once again, there are several dif- 
ferent types of optocouplers. It is 
most important to use a phototriac 
style that can withstand at least a 
200-volt AC output waveform. 

Note that the circuit is shown 
slightly differently than would be 
intuitively obvious. Most TTL and 
NMOS computer ports are much 
better at sinking current to ground 
than they are at sourcing it, so it 
makes sense to have a low logic- 
level light both the optoisolator 
and the power lamps. 

Thus, for the most reliable user 
circuit, you connect the positive 
terminal of the optoisolator to +5 
volts by way of a current-limiting 
resistor, and the negative terminal 
to your computer port or pe- 




FIG. 2— THIS SIMPLER BUT MORE COSTLY AC power-output computer interface needs 
only one part. Once again, a low-logic input will light the lamp. 



ripheral chip. A low-logic output 
lights the lamp, so be sure to ad- 
just your software accordingly. 

Yes, you could replace that four- 
piece power-interface circuit with 
a simpler and smaller single-piece 
one. Figure 2 shows you one pos- 
sibility. The only trouble is that it 
costs around $8 or more, com- 
pared to considerably less for the 



Fig. 1 circuit. The Crydon D2W202F 
shown is an International Rectifier 
product. Those folks have data 
books and application notes avail- 
able on those. No heatsinking is 
needed for 100-watt lamp loads. 

Phase-control dimming 

The trick to your controlling the 
brightness of an incandescent 
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LOAD: 




] = Proportional power 
applied to load 



PORT: 
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FIG. 3— THE KEY TO BRIGHTNESS CONTROL is to use a duty cycle or a "phase" 
modulation. Apply power early in each half cycle for maximum brightness; later for less. 
Use incandescent lamps only. 
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WARNING: 

Extreme shock hazard on 

left half of this circuit! 



15K, 1 watt 

FIG. A — A LINE-SYNCHRONIZER INPUT circuit is used to lock computer or controller 
phase timing to the AC power line. Note that this uses a special "AC input" optocoupler. 



lamp is shown in Fig. 3. What you 
do is purposely and precisely de- 
lay the turn-on of the triac each AC 
half cycle. If you delay it until near- 
ly the very end of the half cycle, 
then the lamp barely lights. Whap 
it in the middie and you get half 
brightness. Hit it right away, and 
you will get nearly full brightness. 

The thermal inertia of the lamp's 
filament will average out that duty 
cycle and the lamp appears to light 
to an intermediate brightness. 
Since the triac is acting as a switch, 
it is very efficient. 

Wall-mounted dimmers are one 
obvious and low-cost example of 
AC phase control, as are those 
BSR-type X-10 dimmer modules. 

That type of phase control works 
quite well for most incandescent 
lamps and for soldering irons and 
other heaters. It works sort of OK 
for universal motors that have 
brushes. 

But note that phase dimming 



definitely should not be used on 
any fluorescent lamps or on AC 
induction motors. Fancier tech- 
niques are needed for those. 

One complication that's in- 
volved with computerized control 
is that the same optotriac isolation 
you used for safety also has com- 
pletely disconnected you from the 
AC power line. You absolutely 
must know when each half cycle is 
coming up, or the resultant "phase 
slipping" will give you wildly 
wrong results. 

So, your computer circuit will 
need an interrupt or some other 
reference that happens 120 times 
per second, precisely locked to 
each zero crossing of the AC 
power line. You might rig that up 
with a small transformer driving a 
set-reset flip-flop, or else a pair of 
back-to-back optoisolators. 

Figure 4 shows us a simple 120- 
Hz sync reference that uses an- 
other special type of optocoupler 



called an AC input optoisolator. 

Those will have two input LED's 
in parallel, one that "points" in 
each direction. One or the other 
diode conducts except briefly dur- 
ing the zero crossings. The 
Schmitt trigger inverter may or 
may not be needed, depending on 
whether you want a positive or 
negative sync signal. 

Additional details on high- 
power computer interface appear 
in my Micro Cookbook, volume II. 

Some suggestions 

Many of the attempts at music- 
controlled lighting usually turn 
out anywhere from disappointing 
to downright awful. The usual 
culprits include threshold effects, 
"muddy" results, non-linearity, 
and a limited dynamic range. Here 
are a few tips I've gleaned over the 
years on what it takes to do the job 
right. 

First, you always will want to 
keep any supposedly "off" lamps 
just barely lit. Besides the bulbs 
and the surge-sensitive triacs last- 
ing longer, that might give you bet- 
ter sensitivity to any low-level 
music inputs. The background 
level is critical here, so watch out 
for any temperature-drift effects. 

Second, tamps and human vi- 
sion perception are both non-lin- 
ear. A process called gamma 
correction is used with video cam- 
eras and CRT displays to convert 
any linear input signal into per- 
ceived linear brightness changes. 

You similarly ought to "gamma 
correct" a visual music display. To 
do that, start off with the minimum 
brightness and record the firing 
phase angle needed for the mini- 
mum perceptible lighting change. 
Repeat that for each successive 
perceptible change. 

You convert that list into a linear 
brightness-versus-phase-angle ta- 
ble, stored in software or in an 
EPROM. Note that the correction 
will vary with the size of the lamp 
and the color of the output. The 
goal is to have a linear input volt- 
age or else a binary word change 
create a perceived linear output 
change. 

Third, the dynamic range of 

most music is ridiculously greater 

than that of a visual display. So, for 

the best results, grab all your mu- 

continued on page 86 
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EXPAND YOUR CAREER HORIZONS, 




The CIE Microprocessor Trainer helps you to learn hew circuits with 
microprocessors function in computers. 



START WITH CIE. 

Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from ail over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 
You can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call toll-free 
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in 

CIRCLE 60 ON FREE INFORMATION CARD 



the handy reply coupon or card below to: 

Cleveland Institute of Electronics, 

1776 East 17th Street, Cleveland, Ohio 44114. 
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World Headquarters 



Cleveland Institute of Electronics, Inc. 

1776 East 17th Street • Cleveland, Ohio 44114 

□ Please send your independent study catalog. 

For you r convenience, CIE will try to have a representative 

contact you — there is no obligation. 



Print Name 
Address 



City. 
Age. 



.State. 



.Apt. 

- 2p_ 



. Area Code/Ptone No. '■. 



Check box for G.I. Bill bulletin on Educational Benefits 

□ Veteran □ Active Duty MAIL TODAY! 

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105} 
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HITACHI SCOPES AT DISCOUNT PRICES 




V-212 

$399 

List $560 
Save $161 
20MHz Dual Trace Oscilloscope 

Atl Hitachi scapes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
scopes. 




V-425 
List $995 



$835 



* DC to 4QMHz 

* Dual Channel 

* CRT Readout 

* Cursor Meas 
« DC Offset 

« Alt Magnifier 

* Compact Size 




V-1060 * 1 7ft c 
List $1595 * , ." a 



• DC to 100MHz 

• Duai Channel 

• Delayed Sweep 

• CRT Readout 

• Sweep Time 

• Autoranging 

• Trigger Lock 

• 2mV Sensitivity 



LIST PRICE 

V-223 20MH* D.T., 1mV sens. Delayed Sweep, DC Olfsel, Vert Mode Trigger S770 S696 

V-422 40Mm D.T., 1mV sens, DCOtfsel Vert Mode Trigger, All Mag SB75 S69S 

V-423 40MHz D.T.. 1mV sens, Delayed Sweep, DC Offset, Alt Mag S955 S795 

V-660 60MHz D.T., 2mV sens. Delayed Sweep, CRT Readout S1.195 $990 

V-1065 100MHI D.T.. 2mV sens. Delayed Sweep. CRT Readout, Cursor Meas S1.895 S1.670 

V-1100A 100MHz Q.T., 1mV sens, Delayed Sweep, CRT Readoul, DVM. Counter S2.295 51,995 

V-1150 150MHz O.T., 1mV sens Delayed Sweep, Cursor Meas, DVM, Counter S3.100 $2,565 



SAVE 

$75 

$180 

$160 

$205 

$225 

$300 

$535 



ELENCO PRODUCTS AT DISCOUNT PRICES 



20MHz Dual Trace Oscilloscope 

$359 

MO-1251 




. . 



* 6" eFFT— 

* Built in 
component tester 

* TV Sync 

X-Y Operation 



FREE DMM 

with purchase of 
MO-1251/1252 Scope 



SCOPE PROBES 

P-1 65MHi,1x,1Cx S19.95 
P-2 100MHz. 1x,10x (23.95 
Fits all scopes with 
BNC connector 



35MHz Dual Trace Good to 50MHz 




$495 



MO-1252 

• High luminance 6"CRT 
« 1mV Sensitivity 

• 6KV Acceleration Voltage 

• 10ns Rise Time 

• X-Y Operation • Z Axis 

• Delayed Triggering Sweep 



Top quality scopes at a very reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual. Two year guarantee. 



Autoranging DMM 

M-5000 

$45 

9 Functions 
Memory and 
Data hold 
vi% basic ace 
3Vi digit LCD 




True RMS 4V4 
Digit Multimeter 

$135 M - 70M 

.05% DC Accuracy 
.1% Resistance 
with Freq. Counter 
and deluxe case 



nsoai 




Multimeter with 
Capacitance and 
Transistor Taster 

$55 CM-1500 



Reads Volts, Ohms, 
u Current, Capacitors, 

Transistors and 
Diodes with case 



Digital Capacitance Meter 
CM-1550 

I $58.95 

9 Ranges 
|j 1pf-20,0Q0ufd 

a a .5% basic accy 
Zero control 
with case 



Digital LCR Meter 
LC-1B00 
$138 



nsci 




Measures 
Colls 1uH-200H 
Caps 1pt-200ul 

Res .01-20M 
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AC Clamp-On 
Current Adapter 

C*L st " 265 
V5 $22 

-- 0-1000A AC 
Works with 
most DMM 



Bench DMMS 



50MHz Logic Probe 




M-3500 M-4500 

31* digit $125 4Vj digit »1'5 




1% accy 



.05% accy 



Logic Pulsar LP-600 S23 



Solderless Breadboards 



9430 

1,100 pins $15 

9434 

2,170 pins (25 

9436 

2.860 pins 530 

All have color 

coded posts 



9436 SHOWN 



Low Cost Multimeter 

M-1600 

$25 

3V4 digit LCD 
1 % DC Accy 
10A Scale 
Auto zero 
/polarity 
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Wide Band Signal Generators 
—~-\ SG-9000 $129 

RF Freq 100K-450MHz 
AM Modulation of 1KHz 
, Variable RF output 

SG-9500 with Digital Display 
and 150MHz built-in Freq Ctr $249 



3V: Digit Probe Type DMM 




Convenient one hand operation with batteries 
Measures OCV, ACV. Ohms ana - case 

Audible continuity check, Data hold 



Function Generator 
Blox 

----- #9600 

T*** $28.95 



Provides sine.tti.sou wave 
From 1Hzto 1MHz 
AM or FM capability 



Decade Blox 

— -— ■■ 9610 or 
♦ ♦ >; 9620 

rrzrz- $18.95 

#9610 Resistor Blox 
47 ohm lo 1M & lOOKpol 
#9620 Capacitor Blox 
47pf to 10MFD 



Digital Triple Power Supply XP-765 

$249 



Quad Power Supply 



'•»< 



S.i**« 



0-20V at 1A 
0-20V at 1A 
5V at 5A 
Fjiiy Regulated, Short circuit protected with 

2 Limit Cent., 3 Separate supplies 

XP-660 with Analog Meters S175 




XP-580 

$59.95 



2-20V at 2A 
12V at 1A 
5V at 3A 
■5V at 5A 



10MHz XT 100% IBM® 

5 Year 

Warranty 



Compatible 

$595 

MODEL 
PC-1000 



Fully regulated and 
short circuit protected 

XP-575 without meters $44.95 



Four- Function Frequency Counters 

F-1000 1.2GH 



$259 

F-100 120MH 

r— — —» S179 

Frequency, Period, Totalize, * 

Self Check with High Stabilized Crystal Oven 

Oscillator, 8 digit LED display 



GF-8016 Function Generator 
with Freq. Counter 

$239 

TSlne, Square, Triangle 
Pulse, Ramp, .2 to 2MHz 
Freq Counter ,1 - 10MHz 

GF-8015 without Freq. Meter $179 





•6/10MHI Motherboard 
■ 8 Expansion Slots 
•Math Compressor Slots 

• KOK Floppy Drive 

• AT Style Keyboard 

FREE spreadsheet and word processor 

3.3MS DOS and GW Basic add $75 



■ |"50W Power Supply 
•256K RAM 

Expendable to 640K 

• Monochrome Monitor 

• Monographic Video Card 

■ Parellel Printer Port 



WE WILL NOT BE UNDERSOLD! p & S SAT FS INC 15 Da V Mone y Back Guarantee 
UPS Shipping: US 5% r^^ ^ SsewoSVD^rfMd, IL 60015 2 Year Warranty 

($10 Max) IL Res., 7% Tax" 
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(800) 292-7711 (312) 541-0710 
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UNIVERSAL 
POWER SUPPLY 




Here's a power supply that can easily be adapted 
for use with various kinds of hobbyist and experimenter laser tubes. 

GORDON McCOMB 
IT'S EASY TO GET STARTED EXPERIMENTING WITH LASERS. ALL YOU NEED IS A LASER TUBE, A 

power supply, and a protective enclosure of some kind. Getting a tube is usually no 
problem, because ''surplus'' and even used helium-neon (He-Ne) tubes are commonly 
available. But since the characteristics of He-Ne lasers vary considerably from model to 
model, a hobbyist's laser power supply should be able to work with all of them, which is 
exactly the case with our pulse-modulated He-Ne power supply. 

Caution! 

Before building the power supply, let's take time out for a few words of caution . All gas 
lasers — including the popular helium-neon variety — require a high- voltage power sup- 
ply that boosts the main voltage, from 12-volts DC or 117-volts AC, up to 1200-3000 
volts. Although the supply's output voltage is relatively high, the circuit-current, or the 
laser current is low. 

Because of the low laser current, some laser experimenters tend to disregard the high 
voltage, possibly because they believe that as long as the current is low, a high voltage 
can't do more than give a nasty shock. Not so! The byproduct of a nasty shock can result 
in severe injury, so take extra care to prevent your coming in contact with any "live" 
power-supply circuits or connections. To that end, all components and wires of a laser 
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ANATOMY OF A LASER TUBE 



The helium-neon tube is the staple 
of the laser experimenter. He-Ne 
tubes are in plentiful supply, es- 
pecially in the surplus market. They 
emit a bright, deep-red glow that can 
be seen for miles around. Although 
the power output of He-Ne tubes Is 
relatively small compared to other 
laser systems, it is perfectly suited for 
many homebrew and school experi- 
ments in diffraction, reflection, etc. 

The helium-neon laser is a glass 
vessel filled with 10 parts helium and 
one part neon, pressurized to about 1 
mm Hg. (The exact gas pressure and 
ratios vary between laser manufac- 
turers.) Electrodes placed at the ends 
of the tube provide a means to ionize 
the gas, thereby exciting the helium 
and neon atoms. Mirrors mounted at 
either end form an optical resonator, 
or Fabry-Perot resonator. In most He- 
Ne tubes, one mirror is totally reflec- 
tive and the other is partially reflec- 
tive. The partially reflective mirror is 
the output of the tube. 

Modern He-Ne lasers are com- 
posed of few parts, all fused together 
during manufacturing. Only the very 
old He-Ne tubes, or those used for 
special laboratory experiments, use 
external mirrors. The all-in-one de- 
sign costs less and the mirrors are 
not as prone to mis-alignment. 

Helium-neon lasers are actually 
composed of two tubes: an outer 
plasma tube that contains the gas 
and a shorter and smaller inner bore 
or capillary, where the lasing action 
takes place. The bore is attached to 
only one end of the tube. The loose 
end is the output and faces the par- 



tially reflective output mirror. The bore 
is held concentric by a metal element 
called the spider. The inner diameter 
of the bore largely determines the di- 
ameter of the laser beam. 

The ends, where the mirrors are 
mounted, typically serve as the 
anode (positive) and cathode (nega- 
tive) terminals. On some lasers, the 
terminals are mounted on the same 
end. A strip of metal or wire extends 
to the cathode on the other end. The 
output mirror can be on either the 
anode or cathode end, but on most 
tubes, it is the cathode. Many man- 
ufacturers prefer that arrangement, 
claiming it is safer and more flexible. 

Metal rings with hex screws are 
often placed on the mirror mounts as 
a means to tweak the alignment of 
the mirrors. Unless you suspect that 
the mirrors are out of alignment, you 
should NOT attempt to adjust the 
rings. They have been adjusted at the 
factory for maximum beam output. 
Tweaking them may degrade the per- 
formance of the laser. 

He-Ne lasers are available in two 
general forms: bare and cylindrical 
head. Bare tubes are just that — the 
tube is not shielded by any type of 
housing and should be placed inside 
a tube or box during operation for 
protection. Cylindrical-head lasers 
(or just "laser heads") are housed in- 
side an aluminum sheath. Leads for 
power come out of the back end of the 
laser. The opposite end may have a 
hole for the output beam, or may be 
equipped with a safety shutter. The 
shutter prevents accidental exposure 
to the beam. 



power supply must be properly insu- 
lated and covered. In particular, you 
must avoid operating a laser's power 
supply in the open. Play it safe, and 
you won't be sorry. 

Most laser power supplies use 
high-voltage capacitors at the output 
stage. Like all capacitors, they can 
retain a charge even after the power 
supply has been turned off. So when 
working with a laser, make sure the 
power supply is off and disconnected 
from its power source, then tem- 
porarily short the output leads of the 
power supply together, or simply 
touch the supply's positive output 
connection to ground. Like the capac- 
itors, the laser tube itself can retain an 
electric charge after power has been 
removed. That current should be 
drained by shorting the tube's termi- 
nals or leads together, or to ground. 

How it works 

Regardless of their size or output 
power, the operating conditions of he- 
lium-neon laser tubes vary widely. A 
new tube starts easily and runs very 
efficiently; an older or used tube is 
harder to start and needs more current 
to lase continuously. 

The pulse-modulated laser power 
supply shown in Fig. 1 was designed 
to accommodate a wide variety of he- 
lium neon tubes — both old and new — 
up to a maximum laser power output 
of about five milliwatts. Using pulse- 
width modulation (that is, varying the 
duty cycle of the square wave), the 
power supply individually controls 
the laser's start and run currents. 

Potentiometers R12 and R13 deter- 
mine the pulse width of the square 
wave applied to the inverting trans- 
former, Tl, In the start mode, R12 
varies the pulse width until there is 
sufficient voltage to start the laser 
tube — typically 3-4 kV. Potentiome- 
ter R13 is switched into the circuit by 
relay RYl's contacts as current starts 
to flow through the laser. R13 is ad- 
justed for the minimum current possi- 
ble while still allowing the tube to 
lase. 

The power supply operates from a 
12- volt, 750-mA source; either a bat- 
tery or an AC-to-DC converter. Timer 
IC1 operates as a 16- kHz astable mul- 
tivibrator. Relay RY1 is initially not 
energized, so R13 and R8 are discon- 
nected from the circuit. The setting of 
R12 determines the duty cycle, and 
thus the pulse width of the square 
wave at pin 3 of IC1 . That signal driv- 
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FIG. 1— THE COMPLETE POWER SUPPLY. Resistors R14-R16 are used only for laser 
tubes rated more than 1 mW. 
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FIG. 2— THE PARTS LAYOUT. Although R16 mounts on the PC board, R15 and R16 are 

spliced into the laser tube's anode wire. 



es the base of power transistor Ql 
through current-limiting resistor Rl. 

Transistor Ql , which operates as a 
high-current/low- voltage chopper, de- 
livers a series of square waves to the 
primary winding of step-up trans- 
former Tl. 

With a 12-volt square wave at Tl's 
primary, the output voltage at the sec- 
ondary is between 800 and 2000 volts 
AC, the precise value depending on 
the setting of R12. Capacitors 
C7-C10, along with diodes D4-D7, 
form a standard voltage doubler lad- 
der. The unloaded DC output of the 
voltage doubler is about 3-5 kV. 

As the laser tube begins to conduct, 
current flows through R7, which 
causes a voltage to appear at the junc- 
tion of R7 and R10. That voltage turns 
on Q2, which activates relay RY1, 
thereby switching resistors R8 and 
R13 into ICl's timing circuit, chang- 
ing the square wave's duty cycle. 

Potentiometer R13 must be read- 
justed to control the laser tube's cur- 
rent. The best position is determined 



by adjusting R13 clockwise until the 
relay chatters, then turning it counter 
clockwise until the relay remains 
latched in the energized position. 

Resistors R3-R6 provide safety 
when handling the supply (with the 
power source disconnected) by drain- 
ing the charge from the voltage dou- 
blets capacitors, as well as the 
electrostatic charge from the laser 
tube. Note that the very high resis- 
tance of R3 through R6 prohibit them 
from quickly draining the excess 
charge, so you should still manually 
short the power supply's output termi- 
nals together before handling the laser 
or its power supply. 

Resistors Rl 1 and R14-R16 depend 
on the laser tube. For 1-mW tubes, 
only Rll is used. R16 is eliminated, 
while RI5 and R15 are replaced by a 
wire. 

Construction 

The laser power supply is as- 
sembled on a printed-circuit board for 
which a template is provided in PC 



LASERS AND SAFETY 

Lasers emit electromagnetic radia- 
tion, usually either visible light or in- 
frared. The level of "radiation" is 
generally quite small in hobby lasers, 
having about the same effect on ex- 
ternal body tissues as sunning your- 
self with the livingroom lamp. 

Skin is fairly resilient, even to ex- 
posure up to several tens or hun- 
dreds of watts of laser energy. But the 
eye is much more susceptible to 
damage, and it is the effects of laser 
light on the retina that is of the great- 
est concern. Even as iittle as 20-50 
milliwatts of focused visible or in- 
frared radiation can cause immediate 
eye damage. 

The longer the eye is exposed to 
radiation, and the more focused the 
beam, the greater the chance that the 
laser will cause a lesion on the sur- 
face of the retina. Retinal lesions can 
heal, but many leave blind spots. Ret- 
inal damage when using hobby 
lasers — those having outputs of less 
than five or ten milliwatts — is rare, but 
can occur if you stare directly at the 
beam for extended periods of time. 
Therefore, NEVER look directly at the 
beam, or its reflection from a mirror or 
a metallic surface. 

Keep these points in mind when 
working with laser: 

• Any laser power supply delivers 
high voltages that, under certain cir- 
cumstances, can injure or kill you. 
Use extreme caution when building, 
testing, and using lasers and high- 
voltage power supplies. 

• Do not attempt to build your own 
power supply unless you have at least 
some knowledge of electronics and 
electron ics constr uctio n . 

• Although the power-supply project 
is not difficult, it should be considered 
suitable only for intermediate to ad- 
vanced hobbyists. 

• Power supplies and laser tubes 
retain a charge even after electricity 
has been removed. Be sure to short 
out the output of the power supply as 
well as the terminals of the Saser tube 
before touching the laser or high-volt- 
age leads. 

Service. Alternatively, an etched and 
drilled PC-board can be ordered from 
the source given in the Parts List. 

Install the parts on the PC board as 
shown in Fig. 2. First mount Rl 
through Rll. If you intend to use a 
laser tube rated for more than 1 mW, 
install R16 in the extra hole that is 
adjacent to Rll. All resistors are in- 
stalled flush on the board except for 
Rll and R16, which are mounted on 
end — and only one lead of each re- 
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BUYING AND TESTING HE-NE TUBES 
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Apart from size and output power, 
tubes vary by their construction, re- 
liability, and beam quality. After buy- 
ing a He-Ne tube, you should always 
test it; return the tube if it doesn't work 
or if its quality is inferior. 

Should you need a laser for a spe- 
cific application that requires preci- 
sion or a great deal or reliability, you 
may be better off buying a new and 
certified tube rather than one from 
surplus; it will come with a warranty 
and certification of power output. 

He-Ne's emit a deep red beam at 
632.8 nanometers because it is the 
strongest wavelength produced with- 
in the tube. Although other colors are 
produced, they are weak or may not 
be sufficiently coherent or mono- 
chromatic. Yet there are some special 
helium-neon lasers that are made to 
operate at different wavelengths, 
namely 1 .523 micrometers (infrared) 
and 543.5 nanometers (green). 
Green and infrared He-Ne lasers are 
exceptionally expensive and rare in 
the surplus market. 

The first step in establishing the 
quality of the tube is to inspect it visu- 
ally. If the tube is used, be on the 
lookout for scratched, broken, or 
marred mirrors. After inspection, 
connect the tube to a suitable power 
supply, point the laser toward a wall, 
and apply power. If the laser is work- 
ing properly, the beam will come out 
of one end only and the beam spot 
will be solid and well-defined. 

Occasionally, the totally reflective 
mirror allows a small amount of light 
to pass through and you see a weak 
beam coming out the back end (that 
is especially true if the mirror is not 
precisely aligned). Usually, that 
poses no serious problem unless the 
coating on the mirror is excessively 
weak or damaged, or if the mirrors 
are seriously out of alignment. 

All lasers exhibit satellite beams — 
small, low-powered spots caused by 
internal reflections that appear off to 
the side of the main spot. In most 
cases, the main beam and satellites 
are centered within one another, so 
you see just one spot. But slight varia- 



sistor is connected; the other leads 
remain free for now. Then mount Dl 
through D8; CI through Cll; finally, 
IC1 and Q2. Ql will be mounted on a 
heat sink, but its connections to the 
PC board should be made now. Sim- 
ply solder insulated wires about 2Vi- 
inches long to Ql's terminals, and 
connect the free ends to the printed- 
circuit board. 



tions and adjustment of the mirrors 
can cause the satellites to wander off 
axis. That can be unsightly and if it 
matters to you, choose a tube that 
has a solid beam. 

Should the tube start but no beam 
comes out, check to be sure that 
nothing is blocking the exit mirror. If 
the beam still isn't visible, the mirrors 
may be out of alignment and the laser 
should be returned for a replacement. 

if the tube doesn't ignite at all, 
check the power supply and connec- 
tions. Try a known good tube if you 
have one. The tube still doesn't light? 
The problem may be caused by: 

• Bad tube. The tube is "gassed 
out," has a hairline crack, or is just 
plain busted. 

• Power supply too weak. The tube 
may require more current or voltage 
than the levels produced by the 
power supply. 

• Insulating coating or broken con- 
nection. New and stored tubes may 
have an insulating coating on the ter- 
minals. Be sure to clean the terminals 
thoroughly. A broken lead can be 
mended by soldering on a new wire. 

Some "problems" with laser tubes 
are really caused by the power sup- 
ply. In fact, if your laser doesn't work, 
expect the power supply first. One 
common problem is that the tube 
sputters when you turn it on. That 
fault is most often caused by a tube 
that isn't receiving enough current, 
either because the connections from 
the power supply are loose or broken, 
the power supply is not producing 
enough current for the tube, or the 
ballast resistor is too high or too low. 

Hard-to-start tubes flick on but 
quickly go out. If the power supply 
incorporates a trigger transformer, 
the tube may "click" on and off once 
every 2-3 seconds (correlating to the 
time delay between each high-volt- 
age trigger pulse). Tubes that haven't 
been used in a while can be hard to 
start, so once you get it going, keep it 
on for a day or two. In most cases, the 
tube will start normally. Hard starting 
may also be caused by age and de- 
gassing, two factors you can't fix. 



One support 

As shown in Fig. 3 , the PC board is 
mounted on a metal plate — along 
with Ql, SI, and Tl. The plate is 2 3 /s- 
inches wide x 5 5 /s-inches long. SI 
and Ql are mounted at one end on a 7 /a 
-inch fold. You can't see it in Fig. 3, 
but there is a '/t-inch fold along the 
entire length of the bracket that pro- 
vides overall rigidity. If you decide to 



attach the laser to the power supply as 
shown in fig. 3 , use the Winch fold 
as the support, and secure the laser to 
the bracket with plastic tie-wraps that 
pass through two holes drilled along 
the long folded edge. Note that the 
laser tube shown in Fig. 3 is enclosed 
in a metal tube. It was manufactured 
that way, but it works the same as any 
other He-Ne laser tube. 
Using a suitable insulating washer, 
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All resistors are ' .i-watt, 5%, un- 
less noted otherwise. 

R1— 430 ohms 

R2— 560 ohms 

R3-R6— 22 megohms 

R7— 39,000 ohms 

R8— 1000 ohms 

R9— 200 ohms 

R10— 10,000 ohms 

R11, R14-R16— 75,000 ohms, 3 
watts 

R12, R13 — 2000 ohms, miniature 
potentiometer 

All capacitors rated at least 12- 
volts DC unless noted otherwise 

C1— 0.1 m-F 

C2-^.7 fiF 

C3 — 10 pP, 10 volts, radial tantalum 

C4 — 27 m-F, 35 volts, axial electrolytic 

C5 — 0,01 n-F, ceramic disc 

C6 — 0.1 jaR polystyrene 

C7-C1 0— 0.1 5 nF, 2-3 kV, ceramic or 
Myiar 

C11 — 0.47 nF polystyrene 

Semiconductors 

IC1— 555 timer 

Q1— TIP146 NPN power transistor 

Q2—2N2222 NPN transistor 

D1-D3—1N41 48 diode 

D4-D7— High voltage (8-10 kV, 20- 
mA) diode 

D8— 1N5234, 6.2-volt Zener diode 

Other Components 

RY1— 6-volt SPST printed-circuit 
relay 

T1— Htgh-voftage step-up/step-down 
transformer, 12 to approximately 
280 volts. 

Miscellaneous: wire, tubing, metal 
bracket, insulator, spacers, cab- 
inet, etc. 

Note: The following items are 
available from General Science 
and Engineering, PO Box 447, 
Rochester, NY 14603 (716) 
338-7001: Etched and drilled PC 
board, $9; transformer Tl, $15; 
complete kit of parts, including 
PCB and T1 (excluding project 
box), $39. For each order add $3 
for shipping and handling. 
COD's accepted. New York resi- 
dents must include applicable 
sales tax. 
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LASER TUBE 



TIE 
WRAPS 




Q) Tl 

FIG. 3— FULLY ASSEMBLED, the tube is held to the bracket with plastic straps. 



an insulator, and heat-transfer paste, 
mount Ql on the folded end of the 
metal bracket. Use an ohmmeter to 
check for a short between the metal 
tab of Ql (which serves as an alternate 
connection to Ql's collector) and the 
metal bracket. Remount Ql if your 
meter indicates a short. 

Transformer Tl is mounted on the 
bottom of the metal bracket. A %- 
inch hole drilled in the bracket op- 
posite Tl is used to pass the wires 
through to the underside of the PC 
board. The wires from Tl's secondary 
are soldered to the pads labeled A and 
B on the foil side of the PC board. 
(The leads will protrude through the 
board to the component side.) In a 
similar way, the wires from Tl's pri- 
mary are soldered to the pads labeled 
C and D. 

Connections 

Make two 8-inch high-voltage 
leads from high-dielectric wire. Strip 
and tin S^-inch of each end and slip a 
6-inch length of clear neoprene 
(aquarium) tubing over both wires. 
Solder one wire into the negative out- 
put hole near R7 . Solder the remain- 
ing wire to the top of Rl 1 . If you use 
R14 and R15, cut the wire connected 
to R11/R16 — and its tubing — in half 
and splice in R14 and R15; then cover 
the resistors with plastic or heat- 
shrinkable tubing. 



If your laser tube has flying ieads 
(wire leads already installed), then 
just connect them to the power-supply 
output leads later on. If your tube has 
its power terminals on its ends, then 
an electrical contact can be made by 
wrapping a length of wire around 
them. 

Before using the power supply, in- 
spect it carefully for solder bridges, 
loose connections, and improperly 
installed components. 

Using the supply 

Operating the power supply is 
straightforward. Secure the power 
leads to the tube and, if necessary, 
wrap high-voltage putty or electrical 
tape around the leads to hold them in 
place, but be sure that you don't block 
the laser's output mirror. Position the 
power supply so that you are facing 
R12's and R13's adjustment "dial" 
and set each potentiometer to its cen- 
ter position. 

Apply power and observe the laser 
tube. Slowly adjust R12 clockwise 
until the tube triggers: You will hear 
the relay click in, and possibly a high- 
pitched whine. Both effects are nor- 
mal . If the relay chatters and the tube 
sputters, keep turning R12 until the 
relay locks in and the tube stays on. If 
even a full clockwise adjustment fails 
to get the tube to ignite, adjust R13 
slightly counter-clockwise. 



THE PROPERTIES OF LASER 
LIGHT 

• Laser light is monochromatic. 
Laser light coming from the output 
mirror consists of one wavelength or, 
in some instances, two or more spe- 
cific wavelengths. The individual 
wavelengths can be separated. 

• Laser light is spatially coherent. 
The term spatial coherence means 
that all the waves are in tandem. That 
is, the crests and the troughs of the 
waves that make up the beam are in 
lock-step. 

• Laser fight is temporally coherent. 
Temporal coherency is when the 
waves from the laser (which can be 
considered as one large wave, 
thanks to spatial coherency) are 
emitted in even, accurately-spaced 
intervals. Temporal coherence is sim- 
ilar to the precise dicks of the metro- 
nome, timing the beat of music. 

• Laser light is coilimated. Because 
of monochromattcity and coherence, 
laser light does not spread (diverge) 
as much as ordinary light. The design 
of the laser itself, or simple optics, 
can colli mate the laser light into a 
parallel beam. 

The four main properties of laser 
light combine to produce a shaft of 
illumination that is many times more 
brilliant than the light of equal area 
from the sun. Because of their co- 
herency, monochromaticity, and low 
beam divergence, lasers are ideally 
suited for a number of important ap- 
plications. For example, the mono- 
chromatic and coherent light from a 
laser is necessary to form the intri- 
cate swirling patterns of a hologram. 
Without the laser, optical holograms 
would be more difficult to produce. 

Coherence plays a leading role in 
the minimum size of a focused spot 
With the right optics, it's possible to 
focus a laser beam to an area equal 
to the wavelength of the light. With the 
typical infrared-emitting laser diode, 
for instance, the beam can be 
focused to a tiny spot measuring just 
0.8 micrometers wide. Such intricate 
focusing is the backbone of compact 
audio discs and laser discs. 

Minimum divergence (owing to the 
coherent nature of laser light) means 
that the beam can travel a longer dis- 
tance before spreading out. The aver- 
age helium-neon laser, without 
optics, can form a beam spot measur- 
ing only a few inches in diameter from 
a distance several hundred feet away. 
With additional optics, beam diver- 
gence can be reduced, making it pos- ^ 
s i ble to t ransm it so u nd , p ictu re s , and x» 
computer code many miles on a shaft x 
of light. The signal is intercepted by a ^ 
receiving station in the light path. g 
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Take any one of these HANDBOOKS 
ELECTRONICS and CONTROL 



• your one source for engineering books from 
over 100 different publishers 

• the latest and best information in your field 

• discounts of up to 40% off publishers' list prices 




CO 

o 

z 

o 
cr 

& 

LLI 

_J 
UJ 

6 

D 
< 

38 



3221910 



Publishers Price $110.00 

ANTENNA ENGINEERING 
HANDBOOK, Second Edition 

Edited by R. C. Johnson and H. Jasik 

• 1.40S pages, 946 illustrations 

• covers all types of antennas currently in 
use with a separate chapter devoted 

to each 

• provides detailed data oil physical 
fundamentals, operating principles, design 
techniques, and performance data 

• Lip-to-the-minute information on antenna 
applications 

• a must for those involved in any phase of 
antenna engineering 



Publisher's Price $68. 00 

STANDARD HANDBOOK OF 
ENGINEERING CALCULATIONS, 

Second Edition 

ByT.G. Hicks 

• 1,468 pages, 793 illustrations, 499 tables 

• puts more than 1,100 specific calculation 
procedures at your fingertips 

• every calculation procedure gives die 
exact, numbered steps to follow for a 
quick, accurate solution 

• virtually all procedures can be easily 
programmed on your PC or calculator 

• uses USCS and SI units in all calculation 
procedures 
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Publishers Price $95.50 

TELEVISION ENGINEERING 
HANDBOOK 

Edited by K, B. Benson 

• 1,478 pages, 1,091 illustrations 

• packed with all the technical information 
todays engineer needs to design, operate, 
and maintain every type of television 
equipment 

• extensive coverage of receivers, broadcast 
equipment, video tape recording, video 
disc recording, and the latest 
technological advances 

• provides television system and industry 
standards for the U.S. and other countries 

• die most comprehensive book on the 
subject of television engineering 






for only $14.95 —when you join the 



ENGINEERS' BOOK CLUB: 
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Publisher's Price $85.50 

MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL 

By J. T. Markus 

• 1,264 pages, 3,666 circuit diagrams 

• a handy, desktop reference with 103 
chapters organized by "family" grouping 

• filled with predesigned and use-tested 
circuits to save you production time and 
money 

• includes concise summaries of all the 
recent applications notes, journal articles, 
and reports on each circuit, efflciendy 
organized and indexed for the practicing 
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to the latest design solutions and practical 
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Some basics first, Albert Einstein 
was responsible for first proposing 
the idea of the laser in about 1916. 
Einstein knew that light was a series 
of particles, called photons, traveling 
in a continuous wave. These photons 
could be collected, using an appara- 
tus not yet developed, and focused 
into a narrow beam. To be useful, all 
the photons would be emitted from 
the apparatus at specific intervals. 
Much of the Sight energy would be 
concentrated in a specific wave- 
length, or color, making the light even 
more intense and powerful. 

Photons can be created by a vari- 
ety of means, including the ionization 
of gas within a sealed tube, the burn- 
ing of some organic material, or the 
heating of a filament in a light bulb. In 
all cases, the atoms that make up the 
tight source change from their usual 
stable or ground state to a higher ex- 
cited state by the introduction of 
some form of energy, typically elec- 
tricity. The atom can't stay at the ex- 
cited state for long, and when it drops 
back to the ground state, it gives off a 
photon of light. 

The release of photons by natural 
methods results in spontaneous 
emission. The photons leave the 
source in a random and unpredicta- 
ble manner, and once a photon is 
emitted, it marks the end of the ener- 
gy-transfer cycle. The number of ex- 
cited atoms is low, so the majority of 
photons leave the source without 
meeting another excited atom. 

Einstein was most interested in 
what would happen if a photon hit an 
atom that happened to be at the excit- 
ed, high-energy state. He reasoned 
that the atom would release a photon 
of light that would be an identical 
twin to the first. If enough atoms 
co u id be excited, the chance of pho- 
tons hitting them would be increased. 
That would lead to a chain reaction 
where photons would hit excited 
atoms and make new photons — the 
process continuing until the energy 
source was removed. Einstein had a 
name for that phenomenon and 
called it the stimulated emission of 
radiation. 



Once the tube lights, adjust R13 
clockwise until the tube begins to 
stutter and the relay chatters. That 
marks the tube's threshold. Turn R13 
just a smidgen counter-clockwise un- 
til the tube turns back on and remains 
steady. Every tube, even those of the 
same size and having the same out- 
put, has slightly different current re- 



Raising atoms to a high-energy 
state is referred to as pumping. In 
common neon light, for example, the 
neon atoms are pumped to their high- 
energy state by means of a high-volt- 
age charge applied to a pair of elec- 
trodes. The gas within the tube 
ionizes, emitting photons. If the elec- 
trical charge is high enough, a major- 
ity of the neon atoms will be pumped 
to the high-energy state. A so-cailed 
population inversion occurs when 
there are more high-energy atoms 
than low- energy ones. A laser cannot 
work unless that population inversion 
is present. 

Protons scatter all over the place 
and, on their own, they simply es- 
cape the tube and don't strike many 
excited atoms. But assume that a pair 
of mirrors are mounted on either end 
of the tube, and that some photons 
may bounce back and forth between 
the two mirrors. 

At each bounce, the photons col- 
lide with more atoms. If many of those 
atoms are in their excited state, they 
too release photons. Remember: 
The new photons are twins of the 
original, and share many of their 
characteristics, including wave- 
length, frequency, polarity, and 
phase. The process of photons 
bouncing from one mirror to the next, 
each time striking atoms in the path, 
constitutes light amplification. 

In theory, if both mirrors are com- 
pletely reflective, the photons would 
bounce back and forth indefinitely. 
Rub a little of the reflective coating off 
one mirror, however, and it passes 
some light. Now, a beam of photons 
passes through the partially reflective 
mirror after the light has been suffi- 
ciently amplified. In addition, be- 
cause the mirror is partially reflective, 
it holds back some of the light energy. 
That reserve continues the chain re- 
action inside the tube. 

The combination of light amplifica- 
tion and stimulated emission of radia- 
tion makes the laser operate. As you 
probably already know, the the word 
"LASER" is an acronym for its theory 
of operation — Light Amplification by 
Stimulated Emission of Radiation. 



quirements. You might have to 
readjust R12 and R13 for every tube 
you own. 

Resistors Rll and R14-R16 form 
the ballast for the laser tube. With the 
components shown in Fig. 1 , the total 
resistance is about 75,000 ohms. You 
can safely use ballast values from 60K 
to 120K; use R13 to adjust for tube- 



current variations. If the laser doesn't 
trigger or run after adjusting R12 and 
R13, try reducing the value of the 
ballast resistance, but avoid going be- 
low 60K. If the tube begins to flicker 
after warming up, readjust R13. 

Most 1-mW tubes draw between 
750-mA to 1-amp from the 1 2- volt DC 
source. You will find that you need 
higher current when operating a laser 
with greater power output. For exam- 
ple, a typical 5-mW laser draws 2.5-3 
amperes from the 12-volt IX! power 
source. However, take note that the 
power source must be able to deliver 
an initial surge of 3—5 amps. If your 
12-volt power supply cannot handle 
that requirement, try powering the 
laser supply with a 12-volt alkaline 
lantern battery. Also, two 6- volt lead- 
acid, or gel-cell batteries in series 
make a good 12-volt source. 

The enclosure 

Your laser power supply should 
never be used without placing it in a 
protective, insulated enclosure. Elec- 
tronics stores sell project boxes of all 
sizes. If you plan on using the supply 
to power a number of tubes, use 
heavy-duty (25-amp) banana jacks to 
provide easy access to the anode and 
cathode leads. Keep the jacks sepa- 
rated by at least one inch and apply 
high voltage putty around all of the 
terminals to prevent arcing. Avoid 
using power leads longer than 6—9 
inches especially for the anode con- 
nection. If, for some reason, you in- 
tend to test the supply outside of its 
cover, we suggest you cover the high- 
voltage section with a piece of plastic, 
as shown in Fig. 3. 

Experiments 

With your power supply working, 
it's time to experiment with laser 
light. Try doing some simple experi- 
ments with optics, mirrors, and 
lenses. At night, aim the laser at the 
wall of a distant building to see how 
far the beam travels before spreading 
out. Try to measure the width of the 
beam and calculate its divergence. 
Then, insert a small telescope or rifle 
scope backward in the path of the 
beam (the beam goes in the objective 
and exits the eyepiece). With some 
adjustment the beam's divergence 
should be drastically reduced. 

There are many other projects you 
can try, including holography, metro- 
logy (the study of measurement), or a 
light show. R-E 
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OUR BATTERY-POWERED WIRELESS FM 

transmitter that can transmit an audio 
signal over a short distance (about a 
hundred feet), to any frequency in the 
standard FM band. The transmitter 
itself is assembled on a PC board that 
measures less than 4 square inches 
(34 x 46 millimeters). The fully as- 
sembled unit is shown in Fig. 1. 

The transmitter conforms to the 
FCC's regulations regarding wireless 
microphones. Its emissions stay with- 
in a band of 200-kHz, and its output is 
between 88 and 108 MHz. The field 
strength of the radiated emissions do 
not exceed 50 p,V/m at a distance of 
15 meters from the device. 

The small size of the transmitter is 
what gives it its versatility. The trans- 
mitter can be used as a wireless mi- 
crophone, it can be concealed in a 
room and used a "bug" for a good 
practical joke, or perhaps placed near 
a baby's crib and used as a child 
monitor. The wireless microphone in 
Fig. 2 used the case of an old micro- 
phone that was found in a junkbox. A 
small on/off switch was added to the 
circuit. It can be used to talk to some- 
one in another car on a long road trip, 
or to anyone wearing a walkman-type 
radio. 

The circuit 

The schematic for the transmitter 
circuit is shown in Fig. 3. Adjustable- 
capacitor, CIO, and the coil, LI, form 



WIRELESS FM 
MICROPHONE 



Here's a wireless FM transmitter that's 
so versatile, we shouldn't even have 
to tell you what you 
can do with it! 





MARC SPIWAK, 

ASSOCIATE EDITOR 



a tank circuit that, in combination 
with Ql, C2, and Rl, oscillates at a 
frequency on the FM band. The center 
frequency is set by adjusting CIO. An 
electret microphone, Ml, picks up an 



FIG. 1— THE FULLY ASSEMBLED PC BOARD. This FM transmitter board is so small, 
measuring 1^is x VVk inches, that it will fit inside almost anything. 



audio signal that is 
amplified by transistor 
Q2. The audio signal is 
coupled via C9 to Ql, which 
frequency-modulates the tank 
circuit. The signal is then radiated 1 
from the antenna. (A piece of solid 
wire can be used as an antenna if you 
don't want to use a telescopic one.) 
The circuit can operate from 9—12 
volts DC. It's easiest to use an ordi- 
nary 9-volt transistor battery, but if 
you have to conserve space in a small 
case, you may prefer to use small 12- 
volt batteries that are about half the 
size of a A A cell. If you are going to 
use the transmitter as a child monitor 
or for some other similar application, 
you may want to use an AC adapter as 
a power source. 

Parts 

All of the parts, including an 
etched, drilled, and silk-screened PC 
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PARTS LIST 

All resistors are 14-watt, 5%, un- 
less otherwise noted. 

R1— 100 ohms 

R2, R4— 10,000 ohms 

R3— 1000 ohms 

R5, R7— 47,000 ohms 

R6— 2.2 megohms 

R8— 4700 ohms 

Capacitors 

C1 — 1.5 pF, ceramic disc 

C2— 100 pF, NPO 

C3, C4— 330 pF, NPO 

C5, C9— 0.1 u.F, NPO 

C6— 0.001 (xF, NPO 

C7— 22 f/.F, electroiytic 

C8— 6.8 )i,F, electrolytic 

C10 — 10-40 pF trimmer capacitor 

Semiconductors 

Q1— BF1 99 or NTE229, or equivalent 
NPN transistor 

Q2— BC183C or NTE199, or equiv- 
alent NPN transistor 

Other components 

L1 — coil, approximately 1 >j.H (see 
text) 

M1 — electret microphone 

S1— SPST switch 

Miscellaneous: 9-voit battery and 
connector, wire, project case, sol- 
der, etc. 

Note: The complete TSM kit for the 
FM transmitter is available tor 
$13.85. Contact Prospect Elec- 
tronics, PO Box 9144, Allentown, 
PA 18105. 




FIG. 3 — THE FM-TRANSMITTER circuit has few components, but it can still transmit a 
clear audio signal up to a hundred feet. 





FIG. 4— HERE IS THE COMPLETE PARTS KIT. You shouldn't have any trouble building 
this one, and it's sure to work when finished. 



FIG. 2— THIS WIRELESS MICROPHONE 
was made out of an old, gutted micro- 
phone. A transmitter and a 9-volt battery 
fit Inside. 




o 



FIG. 5 — PARTS-PLACEMENT DIAGRAM. Solder the components to the board in the order 
of the Parts List. 
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board are available as a kit from TSM 
(see Eg. 4). If you look at the PC 
board's foil pattern in PC Service, 
you'll notice that there's a small 
square-shaped spiral-like trace on the 
board. That is actually the coil, LI. 
So, whether you buy the kit, or if you 
can find all the parts in your junkbox 
and make your own PC board, you'll 
already have LI. But if you want to 
build the circuit on a breadboard, you 
might be able to get away with an 
adjustable coil centered around 1 p,H. 
The only other things you'll need is a 
battery and battery clip, a small case, 
and a piece of wire for the antenna. 

Construction 

Building this kit is no different than 
building any other, once you have the 
PC board. A Parts-Placement di- 
agram is shown in Fig. 5 . The compo- 
nents should be soldered to the board 
in the order that they're listed in the 
Parts List. To avoid damaging the 
electret microphone, make sure that 
the lead connected to the micro- 
phone's case is the one that you con- 
nect to ground on the PC board. And 
of course, as always, make sure that 
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FIG. 6— AN EMPTY CIGARETTE PACK 

makes a good home for the FM transmit- 
ter. 

there are no bad solder joints or 
bridges before connecting power. 

Get it working 

After you apply power to the board, 
all you have to do is set an ordinary 
FM radio on an unused station on the 
lower portion of the dial — around 88 
MHz. Then just speak into the electret 
microphone while adjusting CIO 
using a plastic trimmer tool . at some 
point you should hear your voice on 
the radio. Once you find the approxi- 
mate setting of CIO, fine tuning it 



should be no problem. It might be 
easier to receive a clear signal on a 
dial-tuned radio, rather than a digi- 
tally tuned one. 

The case 

You can really go wild on the case 
for this one. You can install the board 
and battery in practically anything. 
The microphone is very sensitive, so 
it will pick up an audio signal from 
inside an empty cigarette pack, as 
shown in Fig. 6. You can put the trans- 
mitter in any small box that will blend 
into the particular surroundings — it 
can be from cough drops, paper clips, 
sugar, or inside an empty vitamin jar! 
There's probably enough room inside 
most portable radios to install a trans- 
mitter, and you might be able to tap 
power from the existing batteries. 
Then you'll have a portable radio/ 
transmitter, that can easily be moved 
to any room in your home. 

Another idea is to hollow out the 
center of an old book and put a trans- 
mitter and battery in there. The wire- 
less transmitter is so versatile, that 
you'll surely want to build one — or 
two! R-E 
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PHONLINK II 



Now you can telephone home, 
listen to household 
voices, and control your lights 
and appliances — using 
any Touch-Tone phone. 




JANET McNABB and GENE ROSETH 



LAST MONTH WE LEFT OFF WITH A DISCUS- 

sion on the Phonlink IPs circuitry. 
Now we continue with the software 
and circuit modifications, and we'll 
get the thing running! 

Software 

Space restrictions prohibit a com- 
plete discussion of the software; how- 
ever, a short excerpt from the modi- 
fied Z80 source code is shown in List- 
ing 1. A complete listing is available 
from the supplier in the parts list, or 
from the RE-BBS, (516-293-2283, 
300/1200 baud, 8 data bits, no parity, 
1 stop bit); just download the file 
PHONLNK2.ARC. The sample 
portion here illustrates the process of 
sending the house code. Notice that 
tines 1920, 1960, 2000, and 2040 test 
successive bits of register B, which 
contains the bit pattern corresponding 
to the house code. Those tests then 
jump to one of two routines (either 
genzro or genone). The two routines 
output modulation patterns corre- 
sponding to a logic "1" or "0." The 
procedure for sending out the func- 
tion and number codes is similar. 

The updated Phonlink II software 
will hang up the phone when it detects 
a caller disconnect, or after five min- 
utes, whichever comes first. The auto- 
matic hang-up feature is useful if you 
want to listen to sounds picked up by 
the microphone and just hang up 



when you're through, without having 
to deactivate the function and then 
hang up. 

Modifications 

Figure 8 shows the Phonlink II 
Parts Placement. If you're building a 
Phonlink II system from scratch, you 
should use the new PC board that has 
all the necessary updates and 
changes. That PC board can be ob- 
tained from the supplier mentioned in 
the Parts List, or you can make one 



yourself from the pattern provided in 
PC Service. On the other hand, if 
you're updating the original 
Phonelink to Phonlink II, then there 
are three things you must do. First, 
the software must be changed (which 
simply means the EPROM has to be 
replaced). Next, the CPU clock rate 
must be increased; and last, a PLI 
module must be connected to the sys- 
tem. We will now discuss each of 
those changes. 
If you had the foresight and good 







LISTING— 1 






01870 ; 


OUTPUT HOUSE CODE 




01680 ; 








CABDD21FF8F 


01890 


LD 


IX,HSCDAD 


;IX GETS HOUSE CODE ADDR 


CAF OD4600 


01900 


LD 


B,(IX) 


;B GETS HOUSE CODE 


CB2 21BC8C 


01910 


LD 


HL, PLRTNA 


;SET UP 


CBS CB40 


01920 


BIT 


O.B 


TEST LSB 


CB7 2064 


01930 


JR 


NZ.GENONE 


OUTPUT A ONE OR 


CB9 C35C8D 


01940 


JP 


GENZRO 


;A ZERO 


CBC21C68C 


01950 PLRTNA 


LD 


HL, PLRTNB 




CBF CB48 


01960 


BIT 


1,B 


;SIMILAR TO ABOVE 


CC1 205A 


01970 


JR 


NZ.GENONE 




CC3 C35CBD 


01980 


JP 


GENZRO 




CC6 21D08C 


01990 PLRTNB 


LD 


HL, PLRTNC 




CC9 CB50 


02000 


BIT 


2,B 




CCB2050 


02010 


JR 


NZ.GENONE 




CCDC35C8D 


02020 


JP 


GENZRO 




CD0 21DA8C 


02030 PLRTNC 


LD 


HL.PLRTND 




CDS CB58 


02040 


BIT 


3,B 




CD5 2046 


02050 


JR 


NZ.GENONE 




CD7 C35C8D 


02060 
02070 ; 


JP 


GENZRO 
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fortune to mount the original EPROM 
in a DIP socket, then changing the 
software is as simple as replacing the 
EPROM. Otherwise, to remove the 
EPROM, the following procedure 
should be followed: Make sure that all 
power is disconnected from your 
Phonelink unit. Observe static-dis- 
charge precautions. Using a pair of 
sharp-pointed cutters, cut each of the 
pins on the EPROM (IC6), close to 
the plastic body of the IC. Discard the 
IC. Now, use a small fine- point sol- 
dering iron and needle-nose pliers to 
remove all the EPROM pins still sol- 
dered to the board. Using desoldering 
braid might be a good idea. Be careful 
not to damage the foil on the PC board 
during IC-pin removal. You should 
now solder in a 28-pin DIP socket, 
observing the proper orientation, and 
insert the new EPROM. 

In order for the software to output 
the control signals on the 120- volt AC 
line with proper timing, it is neces- 
sary to increase the 447.5-kHz CPU 
clock rate. Fortunately, there is a 1.79- 
MHz unused clock signal available at 
IC3 pin 26, which does the job nicely. 
There is a slight complication, how- 
ever, because the A/D converter (IC8) 
also gets its clock from the same 
447.5-kHz source as the CPU. So the 
task is to change the CPU clock, but 
not the A/D converter clock (pin be- 
cause IC8 just won't run that fast). 



During the following procedure, 
when you are asked to break a path on 
the foil of the PC board, you should 
make two cuts across the path approx- 
imately 1/4 inch apart, and then re- 
move the foil between the two cuts. 
The best tool to use is a small X-acto 
knife. On the top (pin component) 
side of the PC board, break the line 
from IC8 (pin 10) to IC7 (pin 1 1). On 
the bottom side of the PC board, 
break the line from IC10 (pin 17) to 
IC7 (pin 12). 

Now you must add the new connec- 
tions using jumper wires on the solder 
side of the board. Use AWG (Amer- 
ican Mre Gage) numbers 28 or 30 
gage insulated wire (wire-wrap wire 
works fine) to make jumper-wire con- 
nections from IC3 (pin 26) to IC7 (pin 
12), and from IC10 (pin 17) to 1C8 (pin 
10). After you solder the jumpers in 
place, check for solder bridges be- 
tween adjacent pads. 

Let's shift our attention to the PLI 
module. The PLI has a 4-pin modular 
telephone jack. Adjacent to the PLI 
phone jack are pin numbers 1, 2, 3, 
and 4. Use a standard four-wire tele- 
phone cable with mating plug and 
connect the black wire to pin 1 , red to 
2, green to 3, and yellow to 4. The 4- 
wire cable should be four or five feet 
long, and strip the wire ends. Plug the 
telephone modular plug into the PLI 
telephone-type jack. 



Now we're ready to wire the other 
end of the PLI cable to the Phonlink 
II. To do that, first install a small 
2N2222A driver transistor. Solder the 
collector to IC1 (pin 25) and the base 
to IC2 (pin 12). Also, connect R58 
from the base to the collector. Be 
VERY CAREFUL not to blob solder 
onto adjacent pins or foil paths — 
scrutinize your work closely with a 
magnifying glass! Connect the emit- 
ter to PLI-4 (yellow) wire. Connect 
the PLM (black) wire to IC2 (pin 37). 
You must now connect a R57 from 
IC2 (pin 37) to + 5V, and remove any 
jumpers you have for the Watch Dog 
(WD) selector that are next to IC2. 
Now, connect PLI-2,3 (red, green) 
wires to -V D , It's a good idea to 
anchor die PLI cable, either with a 
strain relief mounted in the back pan- 
el, or by tying it to the other cable that 
goes to the telephone jack. 

If you want Phonlink II to answer 
after 3 rings, connect a jumper from 
IC2 (pin 38) to - V D ; alternatively, if 
you want Phonlink II to answer after 
10 rings, connect a jumper from IC2 
(pin 38) to +V D 

You may use any method to solder 
jumper wires to the printed-circuit 
board, including soldering them di- 
rectly into the feed- through holes, or 
directly onto the IC pin. In some in- 
stances, the author used individual 
IC-pin sockets that were soldered into 
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FIG. 8— PARTS PLACEMENT FOR THE PC BOARD is shown here. Mount all electrolytic 
capacitors, IC's, diodes, and transistors in the correct orientation. 



Interfacing 

The Phonlink II comes complete 
with a 34-pin card-edge connector 
(SOI) for interfacing the 5 digital out- 
puts and 7 analog inputs to the real 



WARNING 



While Phonlink II has been de- 
signed to meet the interface require- 
ments ot the telephone system, it is 
not FCC type-approved. Therefore, 
connection of such a device to your 
operating company's tine is subject to 
the regulations of that company. It is 
your responsibility to inquire about 
and comply with pertinent require- 
ments. 



TO PLI 

MODULE 




FIG. 9— RELAY CONTROL OF EXTERNAL 
loads is possible using the digital-output 
port. 



feed-through holes. Jumper wires and 
components were then soldered di- 
rectly into the pin socket. 



world. The internal Phonlink II DIP 
socket, S02, is an alternative con- 
nector for some of the I/O's, That 
connector is most useful when the 
interfacing I/O circuitry is simple, 
compact, and can fit inside 
Phonelink's II enclosure; possibly I/O 
circuitry that's constructed on perfo- 
rated board, which can plug right into 
the S02 DIP socket itself. For exam- 
ple, as shown in Fig. 9, a simple digi- 
tal interface might include a driver 
transistor, Ql, and a relay, RY1, to 
control an external device. A high 
output on a digital line will forward- 
bias the transistor, which then ener- 
gizes the relay. That small circuit 
could be mounted inside the Phonlink 
II with the relay contact wires strung 
to a remote location. 
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All resistors are Vi-watt. 5% unless 
otherwise noted. 

R1— 100,000 ohms 

R2--250 ohms, 1% 

R3— 10,000 ohms, 1% 

R4, R17, R24, R27, R32, R34, R35— 

10,000 Ohms 
R5-R9, R19, R36, R40, R42, R44, 

R46, R48, R50, R52— 33,000 

ohms 
R10, R15, R38— 47,000 ohms 
R11, R12, R14— 1000 ohms 
R13, R20, R21— 220,000 ohms 
R16, R28, R54, R55— 1 megohm 
R18, R25— 22,000 ohms 
R22— 330,000 ohms 
R23, R30, R31, R33— 100,000 ohms 
R26— 100 ohms 
R29— 100 ohms, Vfe-watt 
R37— 470 ohms 
R39, R41, R43, R45, R47, R49, 

R51— 51 ,000 ohms 
R53— 39,000 ohms 
R56— 150 ohms 
Capacitors 
CI, C6, C13-C15, C17-C22— .1 nF 

ceramic disc 
C2, C8, C10— -1 p., molded monolithic 

ceramic 
C3, C4— 0.022 n.F, dipped-poiyester 

film 
C5, C11— 10 |i.F, 16 volts, dipped 

tantalum 
C7— 2.2 M.F, 35 volts, dipped 

tantalum 
C9, C26— 33 m-F, 16 volts, solid 

tantalum 
C12— 0.1 (iF, 200 volts, orange-drop 

polyester film 



PARTS LIST 

C16 — 4700 p-F, 16 volts, electrolytic 

C23 — 470 m-F, 16 volts, electrolytic 

C24, C25— 22 pF, ceramic disc 

Semiconductors 

IC1— TMPZ84COOP, CMOS Z80 

(Toshiba) 
IC2--8255A, PIO 
IC3— SP0256-AL2, speech 

synthesizer 
IC4— 74C04, hex CMOS INVERTER 
IC5— 74C02, quad CMOS NOR 
IC6— 27C64, 8K CMOS EPROM 
IC7— 74C32, quad CMOS OR gate 
IC8— ADC0809CCN, A/D converter 
IC9 — LM324Z, precision current 

reference 
IC10— M-956, DTMF decoder 

(Teltone) 
IC11, IC22— -unused 
IC12, IC15— TLC271, programmable 

op- amp 
IC13— LM324, quad op-amp 
IC14 — 4066, quad analog switch 
IC16-IC19 — ■ 4N32A, opto-isolator 
1C20— LM7805CK, 5-volt regulator, 

T03 case 
IC21— LM7805CT, 5-volt regulator, 

TO220 case 
BR1— 200 volts, bridge rectifier, Vz 

amp 
BR2 — 50 volts, bridge rectifier, Vi 

amp 
LED1— (Light Emitting Diode) red 
D1, D3-D5— 1N914, switching diode 
D2 — unused 
D6-D8— 1N5245B, 15 volt, Vs-watt 

Zener diode 
Q1— 2N2222, NPN small-signal 

transistor 



Other components 

F1— 125 volts, Vs amp, pigtail leads 
MIC1 — electret microphone (Radio 

Shack 270-092B or equivalent) 
RY1— relay, 5 volts, 70 mA. (Radio 

Shack 275-243 or equivalent) 
S01 — 32 -pin edge-card connector 
S02— 16-pin DIP socket 
T1— 12.6 volts, 0.6 amp (Tria 

F-158XP) 
XTAL1, XTAL2— 3.58 MHz 



Modification parts 

Q2— 2N2222A transistor 
R57 — 5600 ohms, 'A-watt resistor 
R58 — 3300 ohms, '/t-watt resistor 
IC6— 27C64 EPROM (KPL-3A) 
PLI— (Power Line /nterface) X-10 
(USA) Model PL513 



Note: The following items are 
available from STG ASSOCI- 
ATES, 2705-B Juan Tabo Blvd., 
N.E. # 117, Albuquerque, NM 
87112: modification kit to update 
PHONLINK to PHONLINK II 
(MKPL-1), $30; PHONLINK II 
complete updated kit, all parts, 
cabinet and documentation 
(KPL-1A), $220; updated PC 
board only (KPL-2A), $36; pro- 
grammed EPROM (KPL-3A),$19; 
source code print out (KPL-4A), 
$10; Please add 5% for postage 
and handling (10% Foreign). New 
Mexico residents add appropri- 
ate sales tax. 




THE COMPLETED PROJECT. Mote the edge connector for extenal circuits. 



The Phonlink's II power supply can 
provide a maximum of about 200 mA 
to your I/O circuitry. However, if your 
application requires either power- 
hungry I/O circuitry, or circuitry that 
demands its own enclosure, then use 
the edge connector, SOI, and a sepa- 
rate power supply. 

Start-up Operation 

Be sure that you have the timing 
jumper selected for either the long or 



short ring control on the PC board. 
Plug in the new EPROM which has 
your access code written on it. Plug 
the power cord and the PLI into a 
household wall outlet. Then, plug the 
phone cord into a phone jack. You 
have to be very careful not to inter- 
change the two telephone-type cords 
as they both have modular phone 
plugs.) If you're using Radio Shack 
equipment, you should set your 1 20- 
volt AC plug-in module to house- 



code F, and select a number code (Ra- 
dio Shack calls it a unit code instead 
of a number code) from 1 through 5 . 
All that's needed now is to plug any 
light or appliance you wish to control 
into the module. The system is now 
ready for use. R-E 




"While you were working on that device to 
control the house by phone, you forgot to 
pay the bill, so the company cut us off." 
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Electronics Paperback Books 



GREAT PAPERBACKS AT SPECIAL PRICES 




i BPin— computer 

MUSIC PROJECTS ._. 

!*.«. Stows tow to us* 
yOu* home computer to 
produce electronic music 
Many ctrcuhs, Moslhr J«- 
oo« froe. 



;. BP1T6^TV DXPNQ I ] POPIOCJ— PRACTICAL 
FOB THE ENTHUSr- W | D | HANDBOOK ... 

AST..,. S7.B5. Practical, je, a 5 Explains what 
authorrtebve Intro to th* hioi (Ir* Musteal 

■— -* a*ec' D^itJ interface} cm 00 
end how you can pul il 
lo work. Covers 
Keyboards, drum 
machines. sequencers, 
mixers, guitar* and 



(rentes. tV2 M 11 HI 
1+1 PP- 



RFTD— flADtOS 
FIRST TWO DECADES 

4130. Thu Hory o( 

radios party d#yt 
makes (ch fwiUDng 
Wading, Spark-gap 
tj-ansmmeni, KDKAs 
beginnings, and much 



Li pcpioa— 

INTRODUCING 

EJKtrTALAJJplO.,,. 
tS-SS- CD. DAT, and 
SAn-pling What 
involved in In* tf 
MJl of audio skj 
RninCsrlee and 1 practices 
c4 digital audio 
|echn*ques 



1- :3K].M! 



; BPiiS— 

INTRODUCTION TO 
SATELLITE TY.„,».95- 

A dednitrve imroducnort to 
The Subfecf wnHen lor the 
professional engineer. 
Bleetrqnics anlhuSrasl. or 
OthfcT* Who warn to knew 
mora before they buy. B ■■ 
TO in. 



BP14*-THEPfiE- 
BAStC BOOK ,!_ tC.vS. 

A bog* on me BASIC 



who haw not yet tnu^i 
a computer B* wall am 



learning how to program 



BP;33— GETTING 

THE MOST FROM YOUR 
HUTLIUETER SS.9S. 

Ccwrs basics ol analog 
and digrtal melc* i 
Methods of componcni 
losEng [incrudes 
transistors, thywljort. 
resistors^, capflcflons and 
othflr active and passive 



lha ATllll 

■oasoaai 






□ BP135— SECRETS 
OF THE COMMODORE 
H ...„ 1575. Maun of 

useful info and program- 
mng tips nol toufw in 



I I EP1»— MlCRG IN- 
TERFACING 

CIRCUITS— BOOK 1 

S5.75. Precucal add-ons 
iranstorm /our computei 
Into corUrol or — " 
ment equipment 



BRI A3— INTRO TO 
PROGRAMMING THE 
ATARI 600 MM XL _ 

$5.95, Perfect comple- 
ment to 1he AJftn users 

manual Even show* how 
bo U9S anenaffld graphCS 
D UP 1. 3-1 -MICRO IN- 
TERFACING 

CIRCUITS— BOOK $ 

(5.75- Interfacing Sound 
and speech generators, 
temperature and optica* 




HP14B— COWPUTER 

TECHNOLOGY EX- 
PLAINED ._.. $5.50. 

EkplaAtllom tor comput- 
atr torms often 
encountered. A dlcticmary. 
fee cflmpular lingo 



BPt52— INTRO TO 
Z-50 MACHINE CODE 
$5-B$- Speed up your 



Some demo program* 



H 





t 




■ -- 1 



BP1 05— ANTENNA 

PROJECTS 15.50-. 

Pracii-J' radio antenna 
designs (hat ciiImi good 
performance and am rct- 
«iv»ly simpto and 
atobuiid 



BP191-AW INTRO- 
DUCTION TO ANTENNA 
THEORY $6.95 
Basic concepts tttevant 10 
receiving and transmitting 
antennas 



Quality Paperbacks 



BP1S3- AN INTRO- 
DUCTION TO CP 

Id Sfi.95.To run and 

use programs operations 
under CP-'M you need 
this book 



[ ; BPtCw-ELEC^ 

TRONIC SCIENCE 
PROJECTS ..... *5-75- 
Simp** 1Q complex, a 
group or projects with a 
Strongly scienliric flavor 



D BP127— HCnrYTODE 

SIGN ELECTRONIC 
PROJECTS _.„ »S,71 
How to use standard * 
Cuil eLamenls lo make 
cuHom eledronJc proj- 



l HP52— CRYSTAL 

SET CONSTRUCTION 
.-.. S5.50 r AvBrietydl 
crystal fodio r««iWfs for 

the Ofjrjo- ~r.?r ■<• ■ and 
hob&yist 



I BP110— HOW TO 
GET YOUR ELEC- 
TRONJC PROJECTS 

WORKING ».75. 

How lo tad the bulls m 
','.:<..■ projects. r*pait ihem 
and get ihem worhtfig 



I ] BP121— DESIGN e 
HAKE YOUR OWN PC 
" -. 16.7B. Ey- 

gyou need Id 
know brjkXfr you mrjlfe 

printQd-OTCuft boards to 
your projects. 



; 0P144— FURTHER 
PRACTICAL ELECTRONICS 
CALCULATIONS AND 
FORMULAE 19.M 

Compaoion vo>ume to 
BP53 Book earners on 
witn new dato nol hx>nO 
m tartar edition 450 P*g«*. 

U BPiaS— 25 SIUPLE 

AMATEUR RAND AN- 
TENNAS $5 .50 All 

hinds ol antennas lor all 

unds. cd amatour radio 
reception. 




, BPITB-ELEC- 
TRONIC CIRCUITS FOR 
THE COMPUTER CON- 
TROL OF ROBOTS 

S7.5Q. Data and circuits 
tor interfacing the conv 
paler to (to roboft 
uWtora and sensors. 
. : BPI34-EASY ADO- 
ON PROJECTS FOR 
COMMODORE 04, 
VIC'M. BBC MICRO A 
ACORN ELECTRON,,, 
KJ& Picture dtr>rjrer, 
Kghl pen, rrwdef control' 
ler and mora. 




r BP5S-ELEC 

TRONIC SECURITY 
□CVKES .....15.50. 
Throe basic jectjons. 
Switch activsled arjyms. 
inlrared & urtrasonic syi- 
tomi, smoke', gas, Miter 



"j BPi-5— INTERNA- 
TIONAL TRANSLSTOfc 

EQUIVALENTS 

$7-50. Locales possible 
-subslftules tor a popular 
user-orienled seleCI*sn pi 
modem transistors. Japs- 
nose. European and 
Amencan types 



Affordable Prices 



I BP117— PRACTICAL 

ELECTRONIC BUILD- 
ING BLOCKS. Book 1 

»,7S. Build in* 

btodksand than combine 
Dwn to torm almpsl any 
custom ;:■■■• '■ ■ '. . ■! your 
chctce. 

□ BP77— MICRO- 
PROCESSING 
SYSTEMS AND CIR- 
CUITS S5.95. Guide 

let 
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. BP12B— ?0 PRO- 
GRAMS FOR THE ZX 
SPECTRUM A MKZXM 

85.75. All programs 

run on booh mnefvnes. 
Include flow charts and 
ir ■;-■ on how to mcdlry 10 
run on other computers. 

GPCP104— 
ELECTRONICS BUILD 
AND LEARN $9.95; iians 

oK with consfruclion details 
Of a cntud uemonatraanF 

and shows a variety rjl 
«cuils kx expehmenlars. 



BPl 06— MODERN 
OP-AMP PROJECTS ... 

15.00. Includes a &L>0* 
Timer AF Signal Gen 
Mike Pre-amp, Scralch 
Filler, and mud* mot? 



D BP1B4— ELEC- 
TRONIC SYNTHESISER 

CONSTRUCTION 

$$,94, Shows how to 
build a monopnonjc syn- 
Diesijer section by 
MCl^n. Replaces BPSl 



BP59— SECOND 
BOOK FOR CMOS IC 
PROJECTS 45.50. 

Multivibrators, amplifiers, 
triggers £ gates; spedal 
devices Including reac- 
tion lirrier. simple 
etectrorve organ, and 



I BPle?— MLDf PROJ- 
ECTS ,.,.. «.». D4iaila 
of how to interface many 
popular home ccmpulers 
with MIDI music systems 



HNJIt— PRACTICAL 

ELECTRONJC BUILD- 
ING BLOCKS- Book J 

$5.75. AmpkrMjrs tor 

all kmds to add to the 
CLOURS Irom Book 1 ol 
ihis sei <.■■: 

D BP16B— MOW TO 
GET YOUR COMPUTER | 
PROGRAMS RUNNING 

$5.95. Have you ew | 

wriflan your own pro- 
grama only to find mat 
liayrjcj not work^ Thit 
book shows, you how to 
SncJ errors. 




; BPfiS— SINGLE IC 

PROJECTS $5.75, 

All projects In this book 
are based on on* iC and 
are simple to construct. 
Great way 1o got slarted 
wiin IC'S 



. ; BP49— POPULAR 
ELECTRONIC PROJ- 
ECTS ,„.. IMS. A 
C0*ec1on or a wide range 
ot electronic projects and 
eircuns tor the experi- 
nvenltr. 



□ BM7— IC PROJ- 
ECTS FOR BEGINNERS 
45.50. VMBtn OS- 

paetally for Ihe less 
,■<;■'.!.'■ r -ri. r- : | ftxpen- 
menter. Compiele parts 
layowls and wiring di- 
agrams. 



CHECKOFF 
THE BOOKS YOU WANT 



e tor me Smela-s 

OL SHf-br-ttOp ap- 
proach includes practical 



: BPBQ-PQPULAR 
ELECTRONIC CIR- 
CUITS. Book 1 .... $5-95. 
More eireuie& tor hoo- 
byisls. Audio, radio, real, 
music, household and 
mora, 

f i BPM— POPULAR 

ELECTRONIC CI H- 

Currs. Boo* 1 

$S.S5. Mom useful Cir- 
cuJls None d these 
projects duplicate 1f»se 
hi Book 1 ol This S*nes 



ELECTRONIC TECHNOLOGY TODAY INC. 

RQ Box 240, Massapequa Park, NY 11762-0240 

Name 

Adduss 

City 



SHIPPING CHARGES IN 

USA AND CANADA 



.State . 



-Zip. 



R-389 



S0.01 to S5.0C . . 
$5.01 to 10.00 ., 
$10 01 to $20.00 
520.01 to 330.00 
$30.01 to $40.00 
S40.01 to $50.00 
S50.01 and above 



$1.25 
S2.00 
S3 .00 
S4.00 
$5.00 
$6.00 
$7.50 



SORRY, No orders accepted Number of books ordered | | 

outside at USA and Canada 



Total price of merchandise S . 

Sales Tax (New Yoik State Residents only) S . 

Shipping (see chart) $ . 

All payments must 
be In U.S. lunds 



Total Enclosed . . % . 
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HIGH-POWER 

HI-FI 

AUDIO AMP 





FOR YOUR HOME OR CAR 

With rock-n-roli power, here's a stereo amplifier that you can build. 

L.K. ROSS and AMP WATTS 



EVERY SO OFTEN A NEW 1C COMES ONTO 

the market that excites the experi- 
menter's imagination with all sorts of 
possibilities. One such IC is National 
Semiconductor's LM12 power op- 
amp: And when we say power, we 
mean power. That single IC can pump 
out 100-watts RMS of audio into 4- 
ohrns; twice that amount of power is 
available if you use two LM12 IC's in 
a bridge configuration. 

Today, — especially with compact- 
disc audio, and its wide dynamic 
range — even moderate levels of sound 
reproduction require a power ampli- 
fier that won't clip the peak inputs. 
The LM12 can supply those peak- 
power demands — and so the Opto- 
Amp idea took shape from that begin- 
ning. Two separate power supplies 
were also designed: one for 1 10- volt 
AC home operation, and another for 
12- volt DC car operation. 



The LMI2 power- amp has many 
features that make it ideal as an audio 
amplifier. You'll first notice the ex- 
tremely low parts count that permits 
compact size, reliability, and ease of 
assembly. All kinds of circuity are 
built right into the LM12 IC: con- 
trolled turn-on, thermal limiting, 
over-voltage shutdown, output-cur- 
rent limiting, and complete protection 
against overloads including shorts to 
the supplies! 

Table i shows the complete Opto- 
Amp specifications. Notice the excel- 
lent distortion specification (THD 
less than .01%, slew rate as high as 
9V/u,s), which should appeal to se- 
rious audio buffs and sound profes- 
sionals. Possible applications of our 
amplifier include just about whatever 
your imagination dreams up: car-ster- 
eo booster amp, sub -woofer amp, PA 
system, yacht-stereo amp, stage- 



monitor amp, or guitar- practice amp. 

How it works 

The Opto-Amp has two identical 
channels (for stereo), so we'll analyze 
in detail the right channel only. The 
LM381 (IC3) pre-amplifier has an in- 
put-voltage range of 0.75 to 1 volt, 
with a voltage gain of about 10; the 
LM12 (ICI and IC2) power-amps will 
provide a voltage gain of about 4 
each. In keeping with the design goal 
of low parts count, the LM381 is an 
ideal choice. It's easy to operate, and 
requires only a single positive supply 
with simple filtering provided by R9 
and C9. Audio goes to the inverting 
input, while the non-inverting input is 
at AC ground through CIO. Resistors 
R6 and R3 determine the gain, and R5 
provides bias. Coupling-capacitor 
CI I isolates the audio input from the 
amplifier biasing. 
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FIG. 1— THE OPTO-AMP IS NORMALLY SET UP FOR STEREO, but can be re-configured 
tor monaural— with twice the output power. 



TABLE 1: OPTO-AMP SPECIFICATIONS 

POWER RATING: CONTINUOUS 

STEREO: 60 WATTS RMS PER CHANNEL CONTINUOUS INTO 8 OHMS 
100 WATTS RMS PER CHANNEL CONTINUOUS INTO 4 OHMS 

BRIDGED: 12 n WATTS RMS INTO 8 OHMS 

200 WATTS RMS INTO 4 OHMS 
WILL DRIVE 2 OHM LOAD LIMITED TO 150 WATTS PER CHANNEL 
TOTAL POWER DISSIPATION IS 150 WATTS MAX EACH CHANNEL 

DISTORTION: THD IS LESS THAN .01% 

SLEW RATE: 9V/[is 

SIZE: 10.2" X 2.6" x 5" 

INPUT: LINE LEVEL WITH INPUT SENSITIVITY ADJUSTMENTS 
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The pre-amp output is AC-coupled 
through CI 2 to IC2, which is set up as 
a non-inverting amplifier. The gain is 
equal to (R14 + R!5)/R14. Diodes D3 
and D4 are necessary to clamp the 
output to the supply rails in case the 
speakers (which are inductive loads) 
kick back. Inductor L2 and resistor 
R16 provide output isolation enabling 



the amplifier to drive capacitive 
loads, which audio power amplifiers 
must be able to do. Capacitor CI 3 is 
in the feed-back loop for frequency 
stability. Large supply- capacitors CI 
and C2 are located close to the IC to 
prevent changes in load current from 
returning to the amplifier's input — a 
precaution that also reduces the 



power-supply filtering requirement. 
Examine the PC -board layout and 
note some of the design features that 
are not seen in the schematic. For 
example, all grounds are returned to a 
single point for each amplifier, and 
the +V and —V supplies are kept 
separate for each IC amplifier. 

Bridging to mono 

The Opto-Amp is capable of being 
bridged for twice the power, namely, 
for monaural applications. To convert 
the opto-amp from a stereo to mon- 
aural (bridge) operation, you'll have 
to perform some PC-board surgery 
like moving jumpers around and cut- 
ting copper lands. That's because IC2 
stays in the non-inverting configura- 
tion, while IC3 is changed to an inver- 
ting amplifier. Both amplifier outputs 
are then equal in magnitude, but op- 
posite in phase. Any speaker con- 
nected between the two outputs will 
have twice the signal amplitude of 
either amplifier referenced to ground. 
(When two amplifiers are bridged 
across a speaker, the output ground of 



52 



each amplifier is no longer used for 
the audio's return path through the 
speaker.) 

But there's more; The values of the 
gain-setting resistors in IC2 must be 
changed, because the gain for an in- 
verting amplifier is R15/RI4 with R14 
no longer connected to ground at one 
end. The right input pre-amplifier is 
no longer needed, so remove JU3. 
The input to IC2 is from the left input 
pre-amplifier, so install JU4 and JU2. 
The positive input of IC2 is connected 
to ground by replacing R13 with a 
jumper wire. Refer to the note in Fig. 
1 for bridge conversion. 

Power supplies 

There are two different power-sup- 
plies depending on where you want to 
use the opto-amp: one for 110- volt AC 
home operation, and another for 12- 
volt DC car or boat operation. 

Figure 2 shows a 12-volt power sup- 
ply that you can use to operate the 
Opto-Amp in your car or boat. The 12- 
volt to 70- volt (±35 volt) converter 
uses a toroidal-core transformer (Tl) 



that has two center- tapped primary 
windings. Transistors Ql and Q2 are 
hefty 30-amp transistors that switch 
12 volts through the primary-windings 
No.l and No. 3. The center-tapped 
winding No. 2 is connected to 12 
volts, while windings No. 4, No. 5, 
and No. 6 are the base-drive windings 
for Ql and Q2. Power-resistors Rl and 
R2 provide bias. The base-drive 
windings are connected out of phase 
with the main primary windings, so 
Ql and Q2 switch on and off to alter- 
nate the current into the transformer 
primary. The secondary winding has a 
turns ratio of approximately 5 times 
the primary, which yields after rec- 
tification and filtering an output volt- 
age of ±35 volts for a 12-volt input. 
The 12-volt supply is ultra simple 
and ultra reliable. The tape- wound 
toroidal-core transformer is custom- 
made and available from the source in 
the Parts List. Other types of cores 
will not work; this is one of those 
times when the exact part must be 
used. The supply will pull about 2 
amps under no load, and can supply 5 
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FIG. 2— THE 12-VOLT DC POWER SUPPLY is perfectfor operating the opto-amp from a car 
or boat battery. 
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FIG. 3— THE 110-VOLT AC POWER SUPPLY is perfect for operating the opto-amp from 
your household AC current. 



PARTS LIST OPTO-AMP 

All resistors are V'i-watt 5%, un- 
less otherwise noted. 

R1 , R2 — 5000-ohms trimmer potenti- 
ometer 

R3, R4, R5, R8— 10,000 ohms 

R6,R7— 100,000 ohms 

R10, R13— 1000 ohms, 1% 

R11, R1 4 — 11 00 ohms, 1% 

R12, R15— 3320 ohms 1% 

R16, R17— 2.2 ohms, 2-watt 

Capacitors 

C1-C4-^*700j*.R 50 volts, axial 
electrolytic 

C5, C13— 1500 pR 100 volts, poly- 
ester foil 

C6, C7, C11.C1 2—1 fiF, 1 00 volts, ce- 
ramic monolithic 

C8, C10— 0.VR 50 volts, axial ce- 
ramic monolithic 

Semiconductors 

IC1, IC2— LM12CL, 150-watt power 
op-amp 

IC3— LM381N, audio pre-amp 

D1-D4— MR856, rectifier diode, 3- 
amp, 300-volts 

Inductors 

L1,L2— Inductor, 4n.H 

Miscel la neous:Thermalloy 64216 
heat-sink, AW-12 PC board, en- 
closure, hardware, phono jacks, 
speaker terminals, power terminal 
strip, rubber feet, hookup wire, 
magnetic wire, 14-pin DIP socket. 



amps with the output voltage drop- 
ping down to ± 30 volts when heavily 
loaded. 

Figure 3 shows the 110-volt AC 
power supply that uses a toroidal 
power transformer to supply 70 volts 
(±35 volts) at 5 amps; traditional 
laminated-core transformers can be 
used as well. The advantage of the 
toroid transformer is that it's self- 
shielding because the flux lines stay 
inside the core. The AC-line input 
uses an RFI/EMI filter, a power on/off 
switch, and line fuse. (A nice feature 
is the detachable AC line cord with 
standard plug that mates to the EMI- 
filter module.) The transformer sec- 
ondary is rectified by diodes D1-D4 
and filtered by C2 and C3 to provide 
two output voltages ( ± 35 volts) with 
a common ground. Each output is 
fused for 5-amps. 

Notice that the supply outputs are 
unregulated. Bleeder resistors R2 and 
R3 serve two functions. First, the 
bleeders maintain a minimum load to 
prevent a large increase in output volt- 
age when the amplifier is discon- 
nected. Second, when the power is 
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turned off, the resistors bleed the cur- 
rent off the filter capacitors, thereby 
eliminating the possibility of a shock 
hazard from a charged capacitor. 
LED1 functions as an on/off indicator 
that operates from secondary voltage. 
The PC board for each power sup- 
ply is single-sided and available from 
the source in the Parts List, or you can 
etch your own using the PC Service 
layout. Component polarity is critical 
for the electrolytic capacitors and the 
diodes, so make sure that you double- 
check them prior to soldering. 

Construction tips 

As shown in Fig. 4, inductors LI 
and L2 are simple to wind by hand 
with 10 turns of magnet wire on a 
ferrite core. The core type is not crit- 
ical; indeed, any 1 "-diameter ferrite- 
core will work just fine. Use 4" tie- 
wraps to secure the wound inductors 
to the PC board. Before you solder 
magnet wire to the PC board, scrape 
off the vamish and tin the bare copper 
with a hot soldering iron. 

Take extra care when installing the 
IC amps on the large heat sinks. Mod- 
ify the IC insulator with a knife to 
accommodate the two extra pins on 
the LMI2, and remove any burrs from 
the heat-sink. Make sure that you use 
tubing on the four IC leads to prevent 
shorts to the heat-sink. Apply heat- 
sink compound on both sides of the 
insulator to facilitate heat transfer. 
When you install the LM12 on the 
heat sink, tighten the mounting 
screws before soldering the IC pins to 
the PC board. CAUTION: Note that 
the heat-sink will ultimately be at 
ground potential, that the case of 

PARTS LIST— 12-VOLT POWER- 
SUPPLY 

Ql, Q2— 2N5301, NPN transistor 
LED1 — (Light Emitting Diode) green 

with pane) mount 
D1-4— MR856, rectifier diode, fast, 

3-amp, 300 volts. 
R1— 75 ohms, 10-watt, 5% 
R2— 7.5 ohms 5-watt, 5% 
R3— 2000 ohms, y4-watt, 5% 
R4— 1000 ohms, Vi-watt, 5% 
R5— 1000 ohms, '/.-watt, 5% 
C1— lOOOjiR 16 volts, axial 

electrolytic 
C2, C3— 4700jj.f, 50 volts, axial 

electrolytic 
T1 — T1270, custom transformer 
Miscellaneous 

PS-1270 PC board, chassis assem- 
bly, hardware, 6-termrnal power 

strip, hookup wire. 
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'SEE FIG.1, AND TEXT 



FIG. 4— PARTS PLACEMENT FOR THE OPTO-AMP. The inductors should be wound 
exactly as shown. 




-35V COM +35V AUX GND + 12V 



CONTINUITY BETWEEN GND AND 
COM IS THROUGH THE CAR'S 
BATTERY GROUND AND CHASSIS. 



FIG. 5— PARTS PLACEMENT FOR THE 12-VOLT DC POWER SUPPLY. Notice the place- 
ment of the torodial transformer T1. 



the LM12 is the -35-voIt supply, 
and that none of the pins are at 
ground potential — so be careful 
and double-check your work with 
an ohmmeter. 

The amplifier inputs and outputs 
are clearly labeled on the artwork. 
Use No.l6-gauge bus wires on the 
outputs. The power supply and 
ground wires are brought out to a ter- 
minal strip JU4. Lastly, install capaci- 
tors C1-C4 about [ A" above the board 
on the solder side, with the polarity as 
indicated on the artwork. 

Figure 5 shows the Parts Placement 
for the 12-volt DC supply. Mounting 
the 2N5301 power transistors using 



insulated heat sinks, and heat- sink 
compound is a must. The transformer 

leads must be formed until they line 
up with the holes in the PC board, or 
else they might pull up the copper 
foil . The LED power indicator is con- 
nected between 12 volts and ground 
using a 2000-ohm current-limiting re- 
sistor R3. The terminal strip JU4 has 
outputs for the +V r -V, and COM 
connections. The AUX terminal is 
wired to + 12 volts to power a cooling 
fan, and the remaining two terminals 
are 12-volt DC input and GND. 

Figure 6 shows the custom trans- 
former (Tl) for the 12-volt DC power 
supply. Anyone wishing to build it 
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PARTS LIST— AC POWER- 
SUPPLY 

D1-D4 — MR856, rectifier diode, 
fast, 3-amp, 300 volts 
LED1 — (Light Emitting Diode) green 

with panel mount 
C1^C4— 470G^F, 500 volts, radial 

electrolytic 
R1— 2200 ohms, W-watt, 5% 
R2, R3— 1000 ohms, Vi-watt, 5% 
T1 — Toroidal transformer, 110-volts 
primary, 70-votts, center-tapped 
secondary 
Miscellaneous: EMI line-filter 
(Standex, LR57454, 3-amp 250- 
volt), 3-prong AC line-cord, SPDT 
switch, PS1 10/70 PC-board, PC- 
mount fuse clips, 5-amp fuses, 
chassis-mount fuse-holder with 3- 
amp 250-volt fuse, chassis assem- 
bly, hardware, 6-terminal strip, and 
hookup wire. 

will want detailed information about 
the transformer that uses a standard 
tape-wound core. As you might have 
already guessed, tape- wound cores 
are not very common, and it is un- 
likely that you will find an equivalent 
core — except from the manufacturer. 
Magnetics, Inc., and their minimum 
order is $100. In addition to that hur- 
dle, the transformer is somewhat dif- 
ficult to wind because of the large- 
wire sizes involved; therefore, Op- 
toelectronics, Inc. will supply the 
complete T1270 custom -wound trans- 
former. (For ordering information, re- 
fer to the Parts List.) Should you want 




FIG. 6— HERE'S THE TORODIAL trans- 
former used in the 12- VOLT DC to 35- 
VOLT DC power supply. 

to build your own transformer, here 
are the specifications you'll need: 

• Description: 12-volt input, 64-volt 
center-tap output, with 6. 8- volt cen- 
ter-tap base-drive winding. 

• Core: 1 mil tape-wound with case 
dimension of 1.460" X 0.915" X 
0.345". Magnetics, Inc. part number 
50029-ID. 




T0T1 
} TOROIDAL 
TRANSFORMER 



FIG. 7— PARTS PLACEMENT FOR THE 110- VOLT AC power supply. 



• Windings: Primary 14- turns center- 
tapped, base-drive 7- turns center- 
tapped, secondary 19-turns center- 
tapped. 

• Wire: Primary and secondary uses 
12-gauge, base-drive uses 18-gauge. 

Mount the transformer to the chas- 
sis using plastic ties with the trans- 
former resting on plastic tie downs. 
Mount the PC board to the chassis on 
1/4" spacers and No. 4 hardware. 

ORDERING INFORMATION 
The following are available from 
Optoelectronics, Inc. 58821 N.E. 
14th Ave., Ft. Lauderdale, FL 
33334; phone (800) 327-5912, FL 
residents phone (305) 771-2050; 
include 5% shipping and han- 
dling; FL residents add 6% sales 
tax. Master Card and Visa OK for 
orders over $200. Opto-Amp am- 
plifier complete kit $149; 12-volts 
power supply model 1270 for 
$99.95; AC power supply model 
110/70 for $119. Individual parts: 
any PC board $25; LM12CLK $29 
each; heat-sinks $9.95 each; 
T1270 tape-wound power trans- 
former for 12-volt DC supply $30; 
send self addressed stamped en- 
velope for a complete price list of 
all parts. 



Check to make sure that nothing is 
shorted to the chassis under the PC 
board. The output terminal strip is 
wired as indicated on the chassis art- 
work with two terminals for + V, two 
for —V, and two for ground. Again, 
use 16-gauge wires for output wiring. 
Use a 3-amp 250-volt rated fuse in the 
line-fuse holder, and 5-amp fuses in 
the outputs. 

Figure 7 shows the 110- volt to 
±35-volt power supply. Assemble 
the PC board and make sure that the 
polarity of the diodes and filter capac- 
itors is correct. Install all hardware in 
the chassis and wire the transformer 
secondary to the PC board as indicat- 
ed in the schematic. Solder one trans- 
former-primary lead directly to one of 
the insulated terminals on the EMI 
filter. (Use heat shrink tubing over all 
primary connections to prevent elec- 
trical shock when servicing.) Con- 
nect the other transformer-primary 
lead to the center terminal of the tog- 
gle switch. The bottom terminal of 
the toggle switch gets wired to the 5 
chassis- mount fuse holder, while the m 
fuse holder's center terminal gets § 
wired to the other insulated terminal ^ 
on the EMI filter. S 
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Compare this offer with any other book club for 

Price • Quality • Benefits • Selection! 



An Absolutely No-Risk Guarantee, 




Membership Benefits • Big Savings. In ad- 
dition to this introductory offer, you keep saving sub- 
stantially with members' prices of up to 50% off the 
publishers' price. • Bonus Books. Starting immedi- 
ately, you will be eligible for our Bonus Book Plan, with 
savings of up to 80% off publishers' prices. • Club 
News Bulletins. 1 4 times per year you will receive the 
Book Club News, describing all the current 
selections— mains, alternates, extras — plus bonus 
offers and special sales, with hundreds of titles to 
choose from. • Automatic Order. If you want the 
Main Selection, do nothing and it will be sent to you 
automatically. If you prefer another selection, or no 
book at all, simply indicate your choice on the reply form 
provided. As a member, you agree to purchase at least 
3 books within the next 12 months and may resign at 
any time thereafter. • Ironclad No-Risk Guarantee. 
If not satisfied with your books, return them within 10 
days without obligation! * Exceptional Quality. All 
books are quality publishers' editions especially 
selected by our Editorial Board. 



Wk Electronics Book Cljb' 

Blue Ridge Summit, PA 17294-0810 

Please accept my membership in. the Electronics Book Club 9 and send the 5 volumes listed 
below, plus my FREE copy of Dultcn T. Horn's AH-Time Favorite Electronic Projects (3105P), 
billing me $3.95 plus shipping and handling charges. If not satisfied, I may return [he bocks 
within ten days without obligation and have my membership canceled. I agree to purchase at 
least 3 books at regular Club prices (plus shipping and handling) during the next 12 months 
and may resign any time thereafter. 



Name _ 
Address 
City 



State/Zip Phone 

Signature __ 

Valid for new members only. Foreign applicants will leceive special ordering instructions. Canada 

must remit in U.S. currency. This order subject to acceptance by the Electronics Book Club*. 
Signature of parent or guardian required tor all new rnembars under 18 yeart of age. HhoBtJ 
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Checkout 

Use an ohmmeter to check for 
shorts from the LM12 to the heat- 
sink. Check all diodes, capacitors, 
and IC's for correct polarity. Stuffing 
components in backwards is the most 
frequent mistake in construction, and 
can be a fatal error — so check thor- 
oughly. The next step is to check the 
power supply for correct output volt- 
ages. Keep in mind that, unloaded, 
the voltage can be 100-150% higher 
than the nominal voltage. 



Now let's connect the Opto-Amp to 
the power supply, but with no output 
speakers or audio inputs connected. 
Nothing should get very hot and fuses 
should not blow. Center the sen- 
sitivity potentiometers (Rl and R2) on 
the PC board and then connect the 
speakers. Use a source input with a 
volume control to prevent damaging 
your speakers and ears. 

For 12- volt operation, the wire size 
going to the battery must be a mini- 
mum of 12-gauge for up to 8-foot 
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lengths, and larger gauge for longer 
distances. A 30-amp in-line fuse must 
be placed near the source of the power 
(battery); after all, we're dealing with 
significant amounts of power that 
could cause severe damage to the car's 
electrical system, the Opto-Amp 
power supply, or worse. Even a fire 
could occur if the 12-voJt supply line 
is not properly fused. 

Use a 30-amp relay to switch the 
power off and on. You can mount a 
switch under the dash, or use the 
power antenna output from the car 
radio to enable the Opto-Amp. You 
will want to make sure that the relay 
can not be energized unless the key is 
turned on to prevent draining your car 
battery to death. At full power, the 
load on the car electrical system is the 
same as* leaving the headlights on. 

Both the Opto-Amp and power sup- 
ply are compact enough to mount 
wherever space is available. If there is 
no air flow — such as in the vehicle's 
trunk — then use a 12-volt fan to move 
air over the heat-sink fins in the power 
supply and Opto-Amp. One final note 
about bridging: If you are planning to 
bridge two amps in your car then 
you'll need at least two power sup- 
plies. 

The 110- volt AC power-supply op- 
eration is straight forward. Keep in 
mind that there should be nothing to 
hinder air movement over the Opto- 
Amp. If there is any question about 
overheating, then add a quiet fan. The 
Opto-Amp can be mounted apart from 
it's power supply or right next to it. 
Several Opto-Amps can be bolted and 
stacked into a rack mount. You can 
operate the Opto-Amp bridged from 
one power supply, but the fuses will 
blow if the 5-anip limit is exceeded; to 
prevent that from happening, use two 
power supplies for extra power. R-E 




'We're having a little problem, but they 
let I me you're good with electronic 
stuff. . .could you give us a hand?" 
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Your VCR can provide you with years and years of trouble-free operation, with only a minimum 
of simple maintenance work on your part. 



PETER M. HANSEN 




KEEP YOUR VCR HEALTHY 



IF YOU HAVE EVER TAKEN YOUR VCR IN FOR 

service only to be shocked when pre- 
sented with a bill that was close to for 
exceeded) $100 for the simple chang- 
ing of a belt or other inexpensive part, 
then you are certainly not alone. With 
tens of millions of VCR's currently in 
use, each one a highly complex elec- 
trical and mechanical device with 
hundreds of moving parts, it is no 
surprise that most VCR's will need 
some type of maintenance or repair 
work on the average of every 1 2 to 28 
months. 

In this article we will reveal the 
most common types of VCR malfunc- 
tions — the ones you are most likely to 
encounter — and the simple step-by- 
step repair procedures. Note that most 
of the repair work will require average 
mechanical ability, with little or no 
electronics troubleshooting, due to 
the fact that up to 85% of all VCR 
malfunctions are due to mechanical 
or electro-mechanical breakdowns. 



We will discuss the tools and mate- 
rials needed to perform most VCR 
service work, identify the major com- 
ponents used in all VHS VCR's, and 
instruct you on some basic video- 
head and tape-path cleaning tech- 
niques. (Note that even though we 
will only discuss VHS VCR's, much 
of the material given here will also be 
applicable to Beta VCR's, with some 
differences in the general mechanism 
configuration.) 

Cleaning materials and tools 

Referring to Fig. 1, the following 
list of cleaning materials can be found 
at your local electronics supply store, 
or from a mail-order electronics-sup- 
plies distributor: 

• Magnetic head/disk cleaner, used 
in cleaning the video-head drum, and 
tape path. 

• Dust-Off. You should use it before 
and after a VCR cleaning. Spray the 
inside of the mechanism thoroughly 



to remove all dust and contaminants. 

• Chamois cleaning sticks. Those 
leather-tipped cleaning sticks are very 
good for cleaning dirty video heads. 
Later on in this article we will show 
you how to use head cleaner and 
chamois cleaning sticks. 

• Foam-tipped cleaning sticks. They 
are used in cleaning the tape path, 
rubber belts, idlers, pinch roller, and 
the take-up and supply reels. Note 
that when we say "clean with a foam- 
tipped cleaning stick," that the stick's 
tip must be soaked with cleaning fluid 
first, and that "stick" and "swab" are 
interchangeable. 

• Cotton cleaning sticks. Used to 
clean small, hard-to-access parts in 
the VCR, such as the small play idlers 
used in some models (sometimes io- 
cated under the take-up reel), capstan 
shaft assembly, and for removing the 
old dried-up lubricant on the rails of 
the loading posts and at the base of the 
guide-post assembly. 
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FIG. 1— THESE CLEANING MATERIALS can be found at your local electronics supply 
store, or tram a mail-order electronics-supplies distributor. 
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FIG. 2— BESIDES A DVM OR VOM, you'll need these common hand tools for doing any 
kind of vcr maintenance work. 



power-supply voltages, motor- wind- 
ing continuity, and switch continuity. 
A good pair of curved- or straight- 
pronged tweezers and a couple of 
dental picks are very handy for remov- 
ing small belts, plastic retaining 
washers (very common in VCR's and 
very easy to loose if you're not careful 
removing them!), and other tight me- 
chanical work. 




FIG. 3— RUBBER REVITALIZER, such as 
Non-Slip or Re-Grip, can rejuvenate rub- 
ber tires, belts, etc., that are not worn 
enough to warrant replacement. 

Figure 2 shows the common hand 
tools you'll need, besides, of course, 
a DVM or VOM to check fuses, 



Rubber revitalizer 

It is almost essential that you have a 
supply of chemical rubber revitalizer 
for belts and tires that won't grab — 
Non-Slip or Re-Grip, usually avail- 



able at electronics supply shops, are 
two very effective brands (see Fig. 3). 
In many cases, you will run across 
rubber tires, belts, etc., where the 
rubber is showing signs of wear, but 
not enough to warrant replacement. If 
you first clean the rubber's outer sur- 
face with a cotton-tipped cleaning 
stick and some cleaning fluid, and 
then apply several coats of rubber re- 
vitalizer, you can add months of life to 
the tire or belt. Of course, if there are 
any signs of cracking, or if the outer 
surface is shiny, replace the belt or 
tire; rubber revitalizer would not help 
in those cases. 

Cleaning and refurbishing 

Before attempting to clean a VCR, 
make sure that the power is off, and 
that the unit is unplugged from wall 
socket. When you want to clean the 
the video heads and the tape path, 
you'll only have to remove the chassis 
cover as shown in Fig. 4, and usually 
the head shield that covers the video- 




FIG. 4— YOU'LL HAVE TO REMOVE the 
chassis cover by unscrewing the retain- 
ing screws on the back and sides, and 
sometimes underneath the VCR. 



Peter Hansen is the author of the 
Viejo Method of VCR Maintenance 
and Repair and president of Viejo 
Publications. The manual is available 
with or without the VCR-mainte- 
nance kit and training video. The kit 
contains VCR cleaning materials and 
an assortment of replacement belts, 
tires, Idlers, etc. Contact Viejo Pub- 
lications, 217 E. 86th St., Ste. 272, 
NY, NY 10028. 1-800-537-0589. 
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head drum assembly shown in Fig. 5. 
Typically, the top cover is removed by 
unscrewing the retaining screws on 
the back and sides, and sometimes 
underneath the VCR. Sometimes you 
will be able to clean the video-head 
drum without removing the head 
shield, but most of the time a thor- 
ough cleaning requires its removal. 
Note that it is more difficult to remove 
the cover and head shield from porta- 
ble VCR's, and you should not at- 
tempt to clean one of those models 
until you have experience cleaning 
regular VCR's. 

Figure 6 will help you identify the 
parts that you will be cleaning. The 
video-head drum assembly contains 
the video heads. Clean the video 
heads with a leather- tipped chamois 
stick, and the drum assembly with a 
foam-tipped cleaning swab. The full- 
erase head erases the tape when re- 
cording. It can be cleaned with a 
foam-tipped cleaning swab. The im- 
pedance roller assembly provides ver- 
tical stabilization of the tape during 
playback and recording. Clean it with 
a foam-tipped cleaning swab. 

The guide rollers and guide slant 
poles extract the tape via the tape-load 
motor from the "home" position to 
the fully loaded position (when the 
tape is wrapped across the video-head 
drum). They also provide the needed 
"slant" angle for the tape as it travels 
across the drum. Clean those items 
with a foam-tipped cleaning swab. 
The outer base of the take-up and sup- 
ply reels should also be cleaned with a 
foam-tipped cleaning swab. In some 
models, if the outer surface of the 
reels is rubber, it may have to be 
chemically revitalized. 

The audio/control/erase head as- 
sembly, abbreviated as "A.C.E.," 
contains the audio head used for audio 
reproduction and recording, the con- 
trol head used in generating (and 
reading back) the control pulses for 
the servo circuits, and the audio erase 
head, which erases the audio track 
during recording. Clean those thor- 
oughly with foam-tipped cleaning 
sticks. 

A VCR may contain one or more 
idlers — the fast forward/rewind idler, 
the play idler, etc. An idler is usually a 
plastic wheel with a rubber tire-like 
ring around its edge. However, some 
VCR's do not have a rubber idler, and 
instead use plastic gears. On the mod- 
els that do use idlers, though, they 
will usually be located between the 
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FIG. 5— TO CLEAN THE VIDEO HEADS and tape path, you must remove the head shield 
that covers the video-head drum assembly. 



FULL 
ERASE 
HEAL! 



IMPEDANCE 
ROLLER 



VIDEO HEAD ACE. 

DRUM ASSEMBLY HEAD 
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SHAFT 



PINCH 
ROLLER 




TAKE-UP AMD 
10LER SUPPLY REELS BRAKES BELT 

FIG. 6— YOU MUST BE ABLE TO IDENTIFY the parts that you will be cleaning. 



take-up and supply reels and/or just 
above the take-up reel. In some mod- 
els, Fishers in particular, the play idler 
will be located underneath the unit, 
necessitating the removal of the bot- 
tom-cover assembly. 

The symptoms of a worn or cracked 
idler is very sluggish fast forward/re- 
wind action, and sometimes, the 
"eating" of tapes — after the tape is 



ejected from the VCR, a portion of it 
will be left dangling from the cassette 
shell. It is a lot cheaper to just replace 
the rubber tire, rather than replacing 
the whole idler; therefore it is a good 
idea to stock up on idler tires , rather 
than idler assemblies. If an idler looks 
to be in good condition, though, just 
clean it with a foam-tipped cleaning 
stick and apply Re-Grip if necessary. 
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FIG. 7— THE VIDEO HEADS should be cleaned by moving a Chamois cleaning stick back 
and forth across the video head in a horizontal movement. 



The take-up and supply-reel brake 
assemblies perform braking action 
when the VCR is in the "stop" mode. 
Clean them with a foam-tipped clean- 
ing stick. Remove any belts and in- 
spect for signs of wear, cracking, or a 
shiny surface. Any belts that are worn 
or cracked must be replaced. Other- 
wise, clean with a cotton-tipped 
swab, and apply Re- Grip if necessary. 

The capstan shaft is connected to 
the capstan motor assembly, and 
moves the tape through the machine 
when in the play or record mode, but 
only when the pinch-roller assembly 
is in contact with the capstan shaft. 
Inspect the shaft for build-up of dirt or 
oxide contaminants . Carefully scrape 
off any contaminants with a razor 
blade, and then clean the shaft with a 
foam-tipped cleaning swab. 

After the loading process is com- 
pleted, a signal is sent to the VCR's 
microprocessor, telling it that the 
tape-load process has been com- 
pleted. The microprocessor then 
sends a signal to a solenoid that press- 
es the pinch roller against the capstan 
shaft. The tape then starts moving 
through the machine and onto the 
take-up reel. The pinch roller may 
require several applications of Re- 
Grip to fully revitalize the rubber. 

Video heads 

Dirty video heads usually result in a 
snowy picture, but the audio may be 
satisfactory. We definitely do not rec- 
ommend the use of any type of video- 
head cleaning cassette. It has been 



found that some of the cassette-type 
cleaners are actually abrasive to the 
video heads. Also, they only track an 
area that is the same width as an actual 
VHS tape, so they can't remove the 
dirt that accumulates above and below 
the tape path. 

The video heads should be cleaned 
with a Chamois cleaning stick and 
some cleaning fluid. Figure 7 shows 
how the stick is pressed against the 
video head. It's a good idea to hold 
the drum steady with one hand and 
move the Chamois stick back and 
forth across the video head in a hori- 
zontal movement. Do not press too 
hard, as you can damage the heads. 

Never rub the cleaning stick across 
the heads vertically, as that could easi- 
ly break the heads loose from the 
drum. On extremely dirty heads, try 
using a chamois stick and some 
acetone. Most of the time a good pic- 
ture will come back. Acetone, which 
can be purchased at a drug store, will 
eat right through plastic, so don't let it 
drip anywhere, especially on the front 
panel. 

After cleaning the video heads, dis- 
card the used Chamois stick, and use 
a foam-tipped cleaning stick; hold the 
drum with one hand while cleaning 
the whole surface of the drum. You 
may have to use two or three cleaning 
sticks to do the job right. 

If the picture quality is still poor 
after a thorough cleaning of the video 
heads, you will probably have to re- 
place the video heads. When applying 
the leather-tipped chamois stick to the 



video head, you should be able to feel 
some protrusion of the head — it will 
be slight; but with some experience, 
you will learn to recognize the feel of 
a good head, and one that needs re- 
placing. If you can't feel any protru- 
sion of the video head, and it seems to 
be completely recessed into the drum, 
the head is probably bad. 

If you find that the video heads 
need replacement, you will probably 
need the service manual to obtain the 
part number for the video heads, and 
for other reference purposes. Replac- 
ing the heads is not as hard as it may 
sound — many times you can get away 
with just desoldering the wires on top 
of the head assembly, removing the 
old head, and inserting the new one. 
Do not attempt to replace the heads 
unless you have some experience with 
soldering. Also, video heads usually 
cost between $50 and $90, so be very 
careful — if you make a mistake, it'll 
be an expensive one! 

Dew sensor 

Most VCR's have a device called a 
dew sensor. That is actually a trans- 
ducer that detects the presence of dew 
or humidity in the atmosphere. In the 
event that it senses humidity, a signal 
is sent to the microprocessor then 
shuts down all of the circuits in the 
VCR . The dew sensor is there for the 
protection of the VCR and should 
never be tampered with, except in the 
case of replacement. 

After cleaning the VCR, spray 
"dust-off" on all major components. 
Do not make any adjustments or 
alignments to any component in the 
tape path unless you are sure of what 
you are doing — and if you do make 
any adjustments, you should have the 
service manual on hand. If you feel 
that any adjustments are necessary, 
and you don't know how to do them, it 
is wise to have a professional ser- 
viceman do the job. R-E 




"The instructions on how to fix 
the VCR came on videotape!" 
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SPEED- 
UP 
VCR 
TROUBLES 



Modern oscilloscopes can 
turn hours of troubleshooting 
into a two-minute analysis! 

JIM EMERICH* 

TODAY'S FAST-CHANGING TECHNOLOGIES 
present a strong challenge to you and 
to the tools you use in performing 
your job. Nowadays, VCR's, camcor- 
ders, and compact-disc players are de- 
manding more accurate measure- 
ments, so new tools are needed that 
can minimize test time and maximize 
productivity. 

Unquestionably one of the most 
practical and versatile tools in a ser- 
viceman's tool kit is the oscilloscope. 
Recently, new low-cost portable os- 
cilloscopes have been introduced that 
will help you meet the challenge of 
servicing today's sophisticated elec- 
tronic products. Those new os- 
cilloscopes have advanced features 
that will make your job a lot easier. 
Some of their features are auto setup, 
store/recall, tracking cursors, and on- 
screen readout. 

Auto setup, for example, automat- 
ically sets each front-panel control for 
optimal display of the input wave- 
form. Parameters such as volts/divi- 



•Jirn Emerich is a sales engineer (or Tektronix. 
Thanks to Mr. Frank Weihrauch, Weihrauch Elec- 
tronics, and Mr. Nelson Oiffendarfer. Ditfendarfer 
Video Services, for their input to this article. 




sion, time/division, triggering, and 
intensity are all set with the touch of a 
single button. Once you have the front 
panel set, you can then use the store/ 
recall feature. In some scopes, up to 
20 front-panel setups can be stored in 
memory, and can then be recalled at 
any time in the future. 

Cursors are another useful feature. 
Some of the newer oscilloscopes offer 
time and voltage cursors, which allow 
you to accurately read measurements 
on-screen. You can manually adjust 
the cursors to measure specific seg- 
ments of a waveform or, on some 
scopes, you can program the tracking 
cursors to automatically track mea- 
surements including DC, positive or 
negative peak voltages, and peak-to- 
peak voltages in a gated or non-gated 
mode. They can also be set to track 
ground and trigger levels. Those help- 
ful features shorten setup time and 
also increase your confidence in the 
measurements. 

To illustrate the capabilities of the 
new scopes, let's see how they can 
ease typical VCR troubleshooting 
tasks and repairs, and also drastically 
decrease the time they take. 



Head-switching frequency 

In a VCR, the "clock" of the sys- 
tem is the 30-Hz head-switching 
pulse. That pulse can be used as a 
frequency reference for many VCR- 
alignment procedures. To confirm the 
head-switching pulse, you would 
connect the scope probe to the head- 
switch test point on the VCR and push 
the auto-setup button. The scope will 
automatically range the volts-per-di- 
vision and the time-per-division con- 
trols. Then just position the waveform 
on the screen and adjust the cursors to 
measure and confirm a proper head- 
switching frequency of 30 Hz. Figure 
I shows the results you'll obtain in just 
a matter of moments . If the scope has 
a store/ recall feature, you can store 
the front-panel setup and the cursor 
positions for 30 Hz. You can then 
recall the stored setups by pressing 
the recall button. In Fig. 1, the front- 
panel settings are stored as setup 
number 16, as indicated on the right- 
hand side of the screen. Some os- 
cilloscopes can even store the name of 
the setup (upper-left portion of Fig. 1) 
for quick identification of what the 
setup is used for later on. 
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FIG. 1— YOU CAN STORE the front-panel setups In the scope's FIG. 3— TRACKING CURSORS INDICATE that there are high- 
memory and recall them with the touch of a button. Note the frequency spikes In what appeared at first glance to be a clean 
setup's name in the upper-left corner of the display. DC voltage. 
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FIG. 2— PROPER HEAD ALIGNMENT can be verified using FM 
playback and record envelopes In just one simple step. The 
voltage reading of the peak-to-peak envelope is indicated In 
upper-right corner. 



FIG. 4— GATED PEAK-TO-PEAK VOLTMETER allows you to se- 
lect a portion of the waveform and measure its peak-to-peak 
voltage. In this example, just the color burst is being measured. 
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Head alignment 

Several VCR adjustments require 
verification of proper head alignment 
using the FM playback and record 
envelopes. (Using an oscilloscope 
with multiple independent channels 
can greatly simplify that task.) To ver- 
ify proper timing of the envelope to 
the head-switching pulse, connect the 
head-switching pulse to channel one 
and observe the envelope on channel 
two. 

Make sure that you trigger on chan- 
nel one. As shown in fig. 2, you can 
verify that there is minimal "pinch- 
ing" on head A, and that the FM 
envelope is correct relative to the 



positive head-switch edge. Notice the 
peak-to-peak voltage reading of the 
envelope, indicated in the upper- 
right. That illustrates on-screen read- 
out, which is the ability to precisely 
measure voltages, automatically and 
without counting graticules. That 
two-channel setup can also be stored 
in memory for future use. 

E-to-E adjustments 

£lectronic-to-£lectronic (E-to-E) 
adjustments offer their own chal- 
lenges. Frequently, particular 
portions of the video must be adjusted 
to exacting video levels. At such 
times you may wish that you had three 



hands; one to make the adjustments, 
one to retrigger the scope, and a third 
to hold the probe. An oscilloscope 
with auto-level triggering helps solve 
that problem — the scope retriggers it- 
self automatically, even as the ampli- 
tude and frequency of the incoming 
video signal changes. 

When making those measure- 
ments, tracking on-screen cursors 
will indicate where the scope is read- 
ing its voltages from. For example, in 
fig. 3, notice how the peak-to-peak 
cursors appear to be floating above 
and below the DC voltage line from a 
VCR's power supply. The tracking 
cursors indicate that there are high- 
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frequency spikes present in what was 
assumed to be a clean DC voltage. Of 
course, that's not the main purpose of 
tracking cursors, but it's an added 
benefit that we're sure to keep in our 
troubleshooting bag of tricks. Al- 
though you can't see the spikes in the 
photo, the oscilloscope can, and it 
indicates the high and low peaks of 
them. Discovering that kind of infor- 
mation up front can save you consid- 
erable time and troubleshooting effort 
down the road. 

A tracking cursor can also be used 



right cursor set at the start of the ver- 
tical-sync pulse. The head-switching 
pulse should occur at the left cursor as 
seen in Fig. 5. That setup can also be 
stored and recalled for easy verifica- 
tion of the timing measurement. 

Trigger versatility 

There are oscilloscopes available 
that provide special triggers for use on 
video waveforms. The special triggers 
have two unique capabilities: the line 
mode, which triggers the scope on the 
individual horizontal lines of a eom- 



The right tool 

By taking advantage of the ad- 
vanced capabilities in today's os- 
cilloscopes, a technician can signifi- 
cantly reduce the service time for 
products such as VCR's and camcor- 
ders. With practical features such as 
tracking cursors, auto setup, built-in 
voltmeters, and stored setups, mea- 
surements that used to take minutes 
can now be made in seconds. 

To illustrate that point, a series of 
tests, including the verification of 
head-switching, FM playback for 




FIG. 5— DELTA-TIME CURSORS aid in making playback switch- 
ing-point adjustments and provide tast time and frequency mea- 
surements without having to count graticules. 



FIG. 6— BUILT-IN VOLTAGE-SENSING features and operato 
prompts alert the user that the signal being measured is out ol 
range. 



as a built-in gated peak-to-peak volt- 
meter that allows you to select any 
portion of the waveform and measure 
its peak-to-peak voltage. As an exam- 
ple, note the color burst from the out- 
put of the VCR in Fig. 4. The 
oscilloscope is measuring just the 
color burst and ignoring the rest of the 
video. Notice that the cursors show 
where the oscilloscope is making the 
measurement. 

Playback switching 

Another important E-to-E adjust- 
ment is the timing between the output 
video signal and the head-switching 
pulse. For proper tracking, the head- 
switching pulse should occur 6.5 
horizontal-sync pulses before the ver- 
tical-sync pulse. Delta-time cursors 
can provide a quick means to make 
that time measurement without te- 
dious graticule counting or time-con- 
suming calculations. The left cursor 
can be set 6.5 horizontal-sync pulses 
before the vertical-sync pulse and the 



posite video signal, and the field 
mode, which triggers the scope on the 
vertical interval of the composite sig- 
nal . Both triggers are for use on any 
signal that contains sync pulses. With 
those capabilities, you can trouble- 
shoot the video portions of VCR's, as 
well as the audio portions. 

Operator prompts 

Another oscilloscope feature that 
makes troubleshooting a lot easier is 
operator prompts. They can help you 
out when you exceed measurements 
in certain settings. For example, 
when you probe a voltage that is ex- 
cessive for the volts/division setting 
that you have selected and the trace 
goes off the screen, operator prompts 
will alert you as shown in Fig. 6. All 
you need to do is to adjust the volts/ 
division setting as indicated, and the 
trace will reappear. Operator prompts 
are generally considered a standard 
feature in the new generation of porta- 
ble oscilloscopes. 



both heads A and B, head alignment, 
video level, color level, and DC 
power supply voltages, were con- 
ducted on a VCR. Excluding probing 
time, when using a conventional os- 
cilloscope, the tests took a total of 12 
minutes. However, when the scope 
with cursors, automatic and stored 
setups, and the other features we've 
discussed was used (in this case, the 
Tektronix 2246A, the scope shown in 
the photographs), the identical set of 
tests took less than 30 seconds! Now 
admittedly, those tests were set up 
specifically to prove just how much 
troubleshooting time can be saved by 
using a scope with advanced features. 
Also, the tests were conducted by an 
experienced professional who had 
performed those tests dozens of 
times. 

While advanced scope features s 
cannot speed up all troubleshooting n 
situations, they still remain an im- x 
provement sure to be welcomed by ^ 
any service technician. R-E S 
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contact east 




TEST INSTRUMENTS, TOOLS AND SUP- 
PLIES. Contact East's new 132 page, 1989 
General Catalog is a source book of products 
for testing, assembling and repairing elec- 
tronic equipment. With color photos, specifi- 
cations and discounted pricing, this free 
catalog features test instruments, precision 
hand tool, tool kits (with a new Lifetime Guar- 
antee), soldering supplies, static control prod- 
ucts plus much more. "Same Day" shipment 
available. CONTACT EAST, 335 Willow St. 
So., PO Box 786, North Andover, MA 
01 845. (508) 682-2000. 
CIRCLE 55 ON FREE INFORMATION CARD 




M-BREAKOUT SOLVES RS-232 COM- 
PATIBILITY PROBLEMS FAST!!! • Breaks/ 
re-directs all 25 signals • 52 LEDs give 4- 
state indication on all signals • Current loop 
test • No batteries required • Gold plated 
contacts • 8 jumper cables • Durable ABS 
plastic case • Manual and carrying pouch • 
We ship UPS 2nd day within 24 hours of order 
• Regularly $150, R&E Special S135, M- 
TEST EQUIPMENT, P.O. Box 146008, San 
Francisco, CA 94114-6008, (415) 861-2382 
FAX (415) 864-1076 
CIRCLE 178 ON FREE INFORMATION CARD 





THEMODELWTT-Z0ISONLYTHESIZEOF 

A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity. Telephone line powered - never 
needs a battery! Up to W mile range. Adjusta- 
ble from 70-130 MHZ. Complete kit $29.95 
h-$1.50 S + H. Free Shipping on 2 or more! 
COD add $4. Call or send VISA. MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 
Hills, NY 10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 




THE CHALLENGER 100 SERIES of digital 
panel meters are new high quality, low cost 
2Vz digit meters and come in LCD and LED 
versions. They are direct replacements for 
Mod u tec's "Big Little™ 100 series. The Model 
130 includes a bezel. High linearity analog- 
digital converters provide 35 PPM reference 
stability. Linearity is ± W count across the 
entire range. Price: $39,50-49.50 {depend- 
ing on model). VISA, M/C welcome. 
DIGIMETER,ING.,512ValleyWay,MUpitas, 
CA 95035. (408) 946-9090, ext. 730, FAX: 
(408) 946-9190. 
CIRCLE 177 ON FREE INFORMATION CARD 





CABLE TV CONVERTERS AND DE- 
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00 
MLD-$85.00 M35B S89.00 J RX-DIC $129.00 
Special combos available. We ship COD. 
Quantity discounts. Call for pricing on other 
products. Dealers wanted. FREE CATALOG. 
We stand behind our products where others 
fail. One year warranty. ACE PRODUCTS, 
P.O. Box 582, Saco, ME 04072 (207) 
967-0726, 
CIRCLE 189 ON FREE INFORMATION CARD 



APPLIANCE REPAIR HANDBOOKS— 13 

volumes by service experts; easy-to- 
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.), elec. 
housewares, personal-care appliances. 
Basics of solid state, setting up shop, test 
instruments. $2.65 to $7.90 each. Free 
brochure. APPLIANCE SERVICE, P.O. Box 
789, Lombard, IL 60148. (312) 932-9550. 
CIRCLE 84 ON FREE INFORMATION CARD 




SIMPLY SNAP THE WAT-50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 
mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 + 
$1 .50 S + H . Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 




FREE CATALOG OF HARD-TO-FIND 
TOOLS is packed with more than 2000 
quality items. Your single source for precision 
tools used by electronic technicians, engi- 
neers, instrument mechanics, schools, labo- 
ratories and government agencies. Also 
contains Jensen's line of more than 40 tool 
kits. Send for your free copy today! JENSEN 
TOOLS INC., 7815 46th St., Phoenix, AZ 
85044. (602) 968-6231. 
CIRCLE 115 ON FREE INFORMATION CARD 



CALL NOW 
AND 

RESERVE 
YOUR SPACE 



• 6x rate $890.00 per each insertion. 

• Fast reader service cycle. 

• Short lead time for the placement of 
ads. 

• We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini-ADS, RADIO-ELECTRONICS, 500- 
B Bi-County Blvd., Farmingdale, NY 
11735. 
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FIG. 1— SIMPLIFIED OP-AMP EQUIVALENT CIRCUIT. The ba 
can be simulated using discreet components as shown. 
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op-amp principles 
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A CONVENTIONAL OPERATIONAL AMPLI- 

fier (op-amp) can be simply described 
as a high-gain direct-coupled voltage 
amplifier that has a single output ter- 
minal , and because it has both invert- 
ing and non-inverting input terminals, 
the device can function as an invert- 
ing, non-inverting, or differential am- 
plifier. When coupled to suitable 
feedback networks, op-amps can be 
used to make precision amplifiers, fil- 
ters, oscillators, level switches, com- 
parators, etc. 

In this article, we will only go into 
the basic op-amp applications and cir- 
cuit configurations. We will not go 
into any specific details, such as com- 
ponent values, frequencies, types of 
power supplies, etc. The circuits 
shown are only to give you a starting 
point, and the exact details are left up 
to you to experiment with. 

Three basic types of operational 
amplifiers are currently available. We 
are going take an in-depth took at the 
operating principles and practical ap- 
plications of the most common type, 
the conventional "voltage-in voltage- 
out" op-amp (typified by the LM74I 
and CA3I40). The other two basic 
types of op-amps are the current-dif- 
ferencing or Norton op-amp, and the 
operational transconductance ampli- 
fier or OTA. 

Op-amp basics 

In its simplest form, a conventional 
op-amp consists of a differential am- 
plifier (bipolar or FET) followed by 
offset compensation and output 
stages, as shown if Fig. 1. All of those 
elements are integrated on a single 
chip and housed in an IC package. 
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FIG. 2— A SIMPLE VOLTAGE COMPARATOR (a) has transfer characteristics shown In (to). 



The differential amplifier has a high- 
impedance (constant-current) "tail" 
to give it a high input impedance and a 
high degree of common-mode signal 
rejection. It also has a high-imped- 
ance collector (or drain) load, to give 
it a large amount of signal -voltage 
gain (typically about 100 dB). 

The output of the differential am- 
plifier is fed to the circuit's output 
stage via an offset-compensation net- 
work, which causes the op-amp's out- 
put to center at zero volts. The output 
stage takes the form of a complemen- 
tary emitter follower, and provides a 
low- impedance output. 

Op-amps are normally powered 
from a split supply, providing +V, 
— V, and a common ground, enabling 
the op-amp's output to swing to either 
side of ground and take on a value of 
zero volts when the differential input 
voltage is zero. 

Basic configurations 

We have seen that the op-amp is a 
high-gain direct-coupled voltage am- 




plifier with a high input impedance 
and a low output impedance. In prac- 
tice, the output voltage of an op-amp 
is proportional to the differential volt- 
age between its two inputs, and is 
equal to: 

Vqut = A (V1-V2) 

where A is equal to the open- 
voltage gain of the op-amp (typically 
100,000), VI is the voltage at the non- 
inverting input, and V2 is the voltage 
at the inverting input. 

Therefore, an op-amp can be used 
as an inverting amplifier by grounding 
the no n- inverting terminal and feed- 
ing the input signal to the inverting 
terminal , or as a non-inverting ampli- 
fier by transposing the two input con- 
nections. It can also be used as a 
differential amplifier by feeding a 
separate input signal to each input, in 
which case the op-amp will amplify 
voltage difference between the two 
inputs. Note that if identical signals 
are fed to both inputs of the op-amp, 
ideally the output should be zero. 
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One useful application for an op- 
amp is as a differential voltage com- 
parator, such as the one shown in Fig. 
2-a. In that circuit, a fixed reference 
voltage is applied to the inverting ter- 
minal and a variable or sample volt- 
age is fed to the non-inverting 
terminal. Because of the very high 
open-loop voltage gain of the op-amp, 
the output is driven into positive sat- 
uration (close to + V) when the sam- 
ple voltage goes slightly above the 
reference voltage, and driven into 
negative saturation (close to —V) 
when the sample voltage goes slightly 
below the reference voltage. 

Figure 2-b shows the circuit's trans- 
fer characteristics. Notice that it is the 
magnitude of the differential voltage 
at the inputs that determines the out- 
put voltage, and that the absolute val- 
ues of the input voltages are of little 
importance. For example, if a 2 -volt 
reference is applied, a differential 
voltage of only 200 |xV is needed to 
swing the output from negative sat- 
uration to positive saturation. 

Closed-loop amplifiers 

Another way of using an op-amp is 
as a linear amplifier in the closed-loop 
mode. The circuits in Fig. 3 have 
negative feedback applied from the 
output to the inverting input. That 
technique enables the overall gain of 
those circuits to be precisely con- 
trolled by the values of the external- 
feedback components, regardless of 
the open-loop characteristics of the 
particular op-amps that are used. 

Figure 3-a shows how to use an op- 
amp as a fixed-gain inverting DC am- 
plifier. The gain (A) of the circuit is 
controlled by the ratios of Rl and R2, 
and is equal to R2/R1. The input im- 
pedance of the circuit is equal to the 
value of Rl, so both the gain and the 
input impedance of the circuit are 
easily controlled. 

Note in Fig. 3-a, that although Rl 
and R2 control the gain of the entire 
circuit, they have no effect on the pa- 
rameters of the actual op-amp. There- 
fore, the inverting terminal still has a 
very high input impedance, so the 
current flowing into that terminal is 
g negligible. Consequently, virtually 
z all of the current that flows through Rl 
§ also flows through R2. That's why 
o currents II and 12 can be regarded as 
^ being equal , as shown in the diagram . 
^ Also note that R2 has an apparent 
5 value of R2/A when seen from the 
e inverting terminal, so the junction of 




FIG. 3— CLOSED-LOOP AMPLIFIER circuits. An Inverting DC amplifier is shown in (a), a 
non-inverting DC amplifier is shown in (b), and a voltage follower is shown In (c). 

Rl and R2 appears as a low-imped- 
ance "virtual ground" point. 

Figure 3-b shows how to use an op- 
amp as a fixed- gain non-inverting am- 
plifier. The voltage gain is equai to 
(Rl+R2)/R2, and the input imped- 
ance is approximately (A,y/A)Z m , 
where Z [N is the open-loop input im- 
pedance of the op-amp. The circuit in 
Fig. 3-b can be used as a precision 
voltage follower by connecting it as a 
unity-gain non-inverting amplifier, as 
shown in Fig. 3-c, where the op-amp 
operates with 100% negative feed- 
back. In that circuit the input and out- 
put voltages are identical, but the 
input impedance of the circuit is very 
high, approximating AqXZjn. 

Op-amp parameters 

An ideal op-amp would have infi- 
nite input impedance, gain, and band- 
width, and would have zero output 
impedance and have perfect tracking 
between the input and output. Prac- 
tical op-amps fall short of all those 
ideals. Consequently, various perfor- 
mance parameters are usually de- 
tailed in the data sheets that 
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F1G. 5— EFFECT OF SLEW-RATE limiting 
on the output of an op-amp fed with a 
square-wave input. 




FIG. 6— THE CIRCUIT SHOWN HERE IS AN 
inverting AC amplifier, which has an out- 
put that Is 180 degrees out of phase with 
the input signal. 





10 100 Ik 10k 100k 1M 10M 
FREQUENCY— Hz 



F!Q. 4— TYPICAL FREQUENCY-response 
curve of the 741 op-amp. Notice how the 
bandwidth changes depending on how 
the circuit Is configured. 



FIG. 7— A NON-INVERTING AC amplifier 
has an output that is in phase with the 
Input signal. 

accompany each device. The most 
important of those parameters are dis- 
cussed in detail as follows. 
• A tt (open-loop voltage gain) — The 
low-frequency voltage gain between 
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FIG. 8— A DIFFERENTIAL AMPLIFIER am- 
plifies the difference between the two in- 
put signals. 

the input and output terminals of the 
op-amp. It can be expressed as an 
actual number in terms of dB . Typical 
figures are 100,000, or lOOdB. 
• Zi N (input impedance) — The re- 
sistive impedance looking directly 
into the input terminals of the op-amp 
when used in an open loop. Typical 
values are 1 megohm for op-amps 
with bipolar input stages, and a mil- 
lion megohms for op-amps with FET 
inputs. 




FIG. 9— AN INVERTING ADDER or audio 
mixer. This circuit can be used to combine 
three input signals. 

• Z (output impedance) — The re- 
sistive output impedance of a basic 
op-amp when used in an open loop. 
Values of a few hundred ohms are 
typicaJ of most op-amps. 

• I B (input bias current)— The input 
terminals of all op-amps sink or 
source finite amounts of current when 
biased for linear operation. The mag- 
nitude of that current (I B ) is typically 
a fraction of a microamp in bipolar 
op-amps, and a few picoamps in FET- 
type op-amps. 

• V s (supply voltage range) — Op- 
amps are usually powered from a split 
supply ( + V and -V), which must 
fall within maximum and minimum 
limits. If the voltage is too high, the 
op-amp may be damaged, and if it's 
too low, the op-amp will not function 
correctly. Typical limits are ± 3 volts 
to ±15 volts. 

• Vj (max) (input voltage range) — 
Most op-amps will only operate cor- 
rectly if their input-terminal voltages 
are less than the supply voltages. Typ- 



ically, Vj (max) is one or two volts 
less than V s . 

• V IO (input-offset voltage) — In an 
ideal op-amp, perfect tracking would 
exist between the input and output 
terminals, and the output wouid regis- 
ter zero volts with both inputs 
grounded. In practice, slight im- 
balances within the op-amp itself 
cause the device to act as though a 
small offset or bias voltage exists be- 
tween its inputs. Typically, the input- 




FIG. 10— A HIGH-PASS 2nd-ORDER active 
filter has a narrow bandwidth, controlled 
by the surrounding components. 

offset voltage is only a few mV, but 
when that voltage is amplified by the 
circuit containing the op-amp, it may 
be sufficient to drive the output well 
away from the "zero" value. Because 
of that, most op-amps have some way 
of externally nulling out the effects of 
the offset voltage. 

• CMRR (Common-Mode Rejec- 
tion Ratio) — An op-amp produces an 
output that is proportional to the dif- 
ference between the signals at its two 
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FIG. 11— A LOW-PASS 2nd-ORDER active 
fitter also has a narrow bandwidth, but it 
only allows low-frequency signals to 

pass. 

input terminals. Ideally, it should 
have zero output if identical signals 
are applied to both inputs simulta- 
neously (the common mode). In prac- 
tice, such signals do not entirely 
cancel out within the op-amp, and 
produce a small output signal. The 
ability of an op-amp to reject com- 
mon-mode signals is usually ex- 
pressed in terms of its "common 
mode rejection ratio" (the ratio of the 
op-amp's gain with a differential in- 
put versus the gain with common 




FIG. 12— A SUPPLY-LINE SPLITTER can 
be used to create a split supply from a 
single one. 

mode signals). CMRR values of 90 
dB are typical for most op-amps. 
• f T (transition frequency) — An op- 
amp typically has a low-frequency 
voltage gain of about [00 dB, and for 
the sake of stability, its open- loop fre- 
quency response is internally tailored 
so that the gain falls off as the input 
frequency rises, and falls to unity at a 
transition frequency denoted f T . Usu- 
ally, the response falls off at a rate of 6 
dB per octave or 20 dB per decade. 




FIG. 13— ADJUSTABLE-VOLTAGE power 

supply. 

Figure 4 shows the typical response 
curve of a 741 -type op-amp, which 
has an f T of 1 MHz, and a low-fre- 
quency gain of 106 dB. 

Note: when the op-amp is used in a 
closed-loop amplifier circuit, the 
bandwidth of the circuit depends on 
the closed- loop gain. Therefore, as 
shown in Fig, 4, if the amplifier cir- 
cuit has a gain of 60 dB , its bandwidth 
is only 1 kHz, but if the circuit has a 
gain of 20 dB, its bandwidth is tOO 




FIG. 14— A PRECISION HALF-WAVE AC/ 
DC converter also acts as a buffer for the 
input signal. 
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TABLE 1-OP-AMP CHARACTERISTICS 










PARAMETER 


BIPOLAR OP-AMPS 


MOSFET OP-AMPS 


JFET OP-AMPS 


741 


NE531 


CA3130E 


CA3140E 


LF351 


LF411 


LF441 


LF13741 


SUPPLY VOLTAGE 
RANGE (V s ) 


±3Vto ±18V 


±5V1o ±22V 


±2,5V to ± 

8V 

or 

5Vto16V 


±2Vto ±18V 

or 

4V to 36V 


±5Vto ±18V 


SUPPLY CURRENT 

(i s ) 


1.7mA 


5.5mA 


1.8mA 


3.6mA 


8Q0uA 


1.8mA 


150uA 


2mA 


INPUT OFFSET 
VOLTAGE <V lo ) 


1mV 


2mV 


8mV 


5mV 


5mV 


0.8mV 


1mV 


5mV 


INPUT BIAS 
CURRENT (l B ) 


200nA 


400nA 


5pA 


10pA 


50pA 


50pA 


10pA 


50pA 


INPUT IMPEDANCE 
(Ah) 


1MEG 


20MEG 


1.5x1212 
OHMS 


1.5x1012 
OHMS 


1012 

OHMS 


1012 

OHMS 


1012 

OHMS 


0.5x1012 
OHMS 


VOLTAGE GAIN 
(Aq) 


106dB 


96dB 


110dB 


100dB 


88dB 


106dB 


100dB 


100dB 


COMMON MODE 
REJECTION 
RATIO (CMRR) 


90dB 


lOOdB 


QOHR 


QOrlR 


100dB 


100dB 


95dB 


90dB 






TRANSITION 

FREQUENCY (f T ) 


1 MHz 


1 MHz 


15 MHz 


4.5 MHz 


4 MHz 


4 MHz 


1 MHz 


1 MHz 


SLEW RATE 


O.SV/us 


35V/M-S 


10V/uS 


9V/>s 


13V Vs 


15V/M.S 


IV/fJLS 


0.5V/u.s 
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kHz. So , f T can be used to represent a 
gain-bandwidth product. 
• SLEW RATE— As well as being 
subject to normal bandwidth limita- 
tions, op-amps are also subject to a 
phenomenon known as slew-rate lim- 
iting, which limits the maximum rate 
of change of the output voltage. Fig- 
ure 5 shows the effect that slew-rate 
limiting has on the output of an op- 
amp that is being fed with a square- 
wave input. Slew rate is normally 
specified in terms of volts per micro- 
second, and values in the range from 
lV/ps to 10V/p,s are typical for most 
types of op-amps. One effect of slew- 
rate limiting is that a greater band- 
width is available to small output sig- 
nals than for large output signals. 

Practical op-amps 

Practical op-amps are available in a 
variety of types (bipolar, MOSFET, 
JFET, etc.), and in many different 
packages (DIP, metal-can, etc.). 
Some of those packages house two or 
four op-amps, all sharing common 
supply-line connections. Table 1 
shows the characteristics of eight pop- 
ular op-amps, all of which are in an 8- 
pin DIP package. 

The 741 and NE53I are bipolar 
types. The 741 is a general-purpose 
op-amp featuring internal frequency 
compensation and overload protec- 
tion on the inputs and output. The 




FIG. 15— WIEN-BRIDGE SINE-WAVE gen- 
erator has an output amplitude that is sta- 
bilized by the low-current lamp. 




FIG. 16— A FREE-RUNNING multivibrator 
produces a clean square-wave output. 




TRIANGLE- 
WAVE 
OUT 



FIG. 17— THIS CIRCUIT generates both 
square waves and triangular waves. 



NE531 is a high-performance op- amp 
with a high-slew-rate capability. It re- 
quires a 100-pF capacitor wired be- 
tween pins 6 and 8 for stability, but 
that can be reduced to 1.8 pF to pro- 
vide a wide bandwidth and high gain. 

The CA3130 and CA3140 are 
MOSFET-input type op-amps that 
can operate from single or dual power 
supplies, can sense inputs down to the 
negative-supply value, have very high 
input impedances (1.5 million 
megohms), and have outputs that can 
be strobed. The CA3130 has a CMOS 
output stage, and an external compen- 
sation capacitor (typically 47 pF) that 
is wired between pins 1 and 8, thus 
permitting the adjustment of band- 
width characteristics. 

The LF351, LF411, LF441, and 
LF13741, are JFET-type op-amps 
with very high input impedances. The 
LF351 and LF411 are high-perfor- 
mance types, while the LF441 and 
LF13741 are general-purpose types 
that can be used as direct replace- 
ments for the popular 741. Note that 
the LF441 current consumption is less 
than one tenth of the 741 . 

Offset nulling 

All of the op-amps mentioned have 
an offset-nulling facility, to set the 
output at precisely zero with zero in- 
put. In most cases, offset nulling is 
continued on page 83 
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New Ideas 



Cable tester 

RECENTLY I WAS ASKED TO RUN CABLE 

throughout a four-story building. 
Once the eight-conductor cable 
was installed and all of the con- 
nectors were mounted, the next 
job was to check each cable. The 
circuit shown in Fig. 1 made that 
task much easier. 

How it works 

In that circuit, IC1 is an LM555 
timer set up as an astable multi- 
vibrator. Its output is used as the 
clock input for 1C2, a 4017 decade 
counter. The counter's outputs go 
high sequentially with the positive 
edge of each clock pulse. The first 
seven outputs (output through 
output 6) and ground are con- 
nected to PL1, a connector se- 
lected to mate with the ones used 
in the installation. In our case, a 
male DB-25 was used. The eighth 
output (output 6) was tied to LED2, 
used as a visual indicator. The 
other outputs are unused. 

The display is hooked to the 



other end of the cable under test. 
It consists of a1Q-segment LED bar- 
graph array. Only seven of the seg- 
ments are needed. The anodes of 
those segments are connected to 
the appropriate pins of a second 
connector, PL2; the cathodes are 
all tied to the ground line, pin 20. 

To test a cable, connect the cir- 
cuit to one end and the display to 
the other. Turn the circuit on and 
observe LED1 to verify that the 
multivibrator is working and LED2 
to verify that the counter is count- 
ing. Proceed to the other end of 
the cable and monitor the display. 
If all cable connections are cor- 
rect, the display LED's will light in 
sequence. If the display LED's light 
out-of-sequence, the cable is mis- 
wired. Unlit LED's indicate poor 
connections or a broken cable. 

The circuit can be mounted 
within a small aluminum box, 
powered by a standard 9-volt bat- 
tery. In our application, the display 
was mounted in the plastic hood 




NEW IDEAS 

This column is devoted to new ideas, 
circuits, device applications, con- 
struction techniques, helpful hints, etc. 

All published entries, upon publica- 
tion, will earn $25. In addition, for U.S. 
residents only, Panavise will donate their 
model 333 — The Rapid Assembly Cir- 
cuit Board Holder, having a retail price of 
$39.95. It features an eight-position ro- 
tating adjustment, indexing at 45-de- 
gree increments, and six positive lock 
positions in the vertical plane, giving you 
a full ten-inch height adjustment for 
comfortable working. 




I agree to the above terms, and grant 
Radio-Electronics Magazine the right 
to publish my idea and to subsequently 
republish my idea in collections or com- 
pilations of reprints of similar articles. I 
declare that the attached idea is my own 
original material and that its publication 
does not violate any other copyright. I 
also declare that this material has not 
been previously published. 



Title of Idea 



Signature 



Print name 



Date 



Street 



City State Zip 

Mail your idea along with this coupon 
to: New Ideas Radio-Electronics, 
500-B Bj-County Blvd., 
Farmlngdaie, NY 11735 



of the DB-2S connector, where the 
cable would normally go. By using 
other connectors, the circuit can 
be used to test a wide variety of 
multiconductor-cable installa- 
tions. — Charles L. Rowe 
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5 INCHES- 
THE AC POWER SUPPLY for the high-power audio amplifier. 
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12- VOLT DC power supply for the audio amplifier. 



WIRELESS FM transmitter. 
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THE HIGH-POWER audio amplifier's foil pattern. 



WITH CIE, 

THE WORLD 

OF ELECTRONICS 

CAN BE YOUR 

WORLD, TOO. 



Look at the world as it was 20 
years ago and as it is today. 
Now, try to name another field 
that's grown taster in those 20 years 
than electronics. Everywhere you 
look, you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications— 
you name it. And as high 
technology grows, electronics will 
grow. Which means few other 
fields, if any, otter more career 
opportunities, more job security, 
more room for advancement — it 
you have the right skills. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 

It stands to reason that you 
leam anything best from a 
specialist, and CIE is the largest 
independent home study school 
specializing exclusively in 
electronics, with a record that 
speaks for itseli According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field, When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

We believe in independent 
study because it puts you in a 
classroom oi one. So you can study 
where and when you want. At your 
pace, no somebody else's. And 
with over 50 years of experience, 
we've developed proven 
programs to give you the support 




such study demands. Programs that 
give you the theory you need 
backed with practical experience 
using some of the most 
sophisticated electronics tools 
available anywhere, including our 
Microprocessor Training 
Laboratory with 4K of random 
access memory. Of course, if you 
ever have a question or problem, 
our instructors are only a phone 
callaway. 




START WHERE YOU WANT, 
GO AS FAR AS YOU WANT. 

CIE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options, Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want— all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 
catalog and complete package of 
career information. Or phone us, 
toll-free, at 1-800-321-2155 (in Ohio, 
1-800-523-9109). Don't wait, ask for 
your free catalog now. After all 
there's a whole world of electronics 
out there waiting for you. 



Cleveland Institute of Electronics, Inc. 

1776 East 17th Street. Cleveland, DhiG -4-4114 

Member NHSC 
Accredited Member National Home Study Council 



CIE 



Cleveland Institute of Electronics, Inc. 

1"7"76 Ease 17th Street. Cleveland, Ohio •44114 
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YES*** I want to leam from the specialists in electronics— CIE. 
Please send me my FREE CIE school catalog, including details about 
CIE's Associate Degree program plus my FREE package of home 
study information 

Name (print): 

Address: 



City:. 
Age: 



Area Code/Phone No.: 
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WE SEEM TO HAVE GOTTEN ABIT OUT OF 

order. Let's pick up where we left 
off in December, when 1 said that 
there were two advantages to the 
more-complex circuit in that 
month's Fig. 3. 

The first one is that by picking 
the output off the base of the tran- 
sistors, we can use the same chip 
with common-anode displays. The 
second advantage is that by isolat- 
ing the display we can sink a lot 
more current. 

Now we have to connect the 
common-cathode terminal of each 
display (point X in Fig. 2 in the 
December issue) to a collector of 
one of the transistors in Fig. 3. 



Then connect the "stolen" clock 
signal. 

There's also a trick that can be 
used to change the brightness of 
the display when you're stealing 
clocks from the circuit. Just con- 
nect the emitters of the transistors 
to the clock rather than ground. If 
we do that, the transistors will only 
be on for the low part of the clock's 
duty cycle. Therefore, we can have 
the brightness either at 100% (with 
the emitters connected to ground) 
or 50% (with the emitters con- 
nected to the clock). All we need is 
a SPDT switch (S1) to make it hap- 
pen. That is a neat way around the 
brightness problem and as 
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FIG.1 



Grossblatt's sixteenth law states: 
Being slick is a good thing. 

If there's no convenient clock to 
steal from the circuit, there's no 
alternative but to provide one 
yourself. The clock circuit we've 
already put together is a good one 
to use because it gives us control 
over both the frequency and duty 
cycle... and we've already put the 
thing together. Just remember that 
the duty cycle will control the dis- 
play's brightness only when the 
emitters are connected to the 
clock signal. That's because the 
4017 is triggered by a transition of 
the clock signal, but it doesn't care 
about the clock signal's duty cycle. 
The duty cycle of the4017's outputs 
is always the same; it is its strobing 
rate that changes. 

The clock output can drive the 
4017, and probably the transistors 
as well. However, there's one more 
thing to consider: The amount of 
current that we can safely expect 
the clock output to handle. It's 
also something to consider when 
you're stealing a clock. You may 
have to buffer the clock output be- 
fore you use it. 

A contest 

Although I mentioned an ongo- 
ing contest in January, the rules 
were never spelled out (another 
little mixup). So anyway, here's 
what I want you to think about, as 
well as the contest rules. I needed 
a binary-to-seven-segment de- 
coder — not BCD, but binary. 
There are some decoders around 
that do the job — Motorola makes 
one — but they're not easy to find. 

So, 1 built one using a 2716 (2K x 
8) EPROM. Everything worked out 



so 



well and I'll get into the details in 
another column. But when I was 
finished, it struck me that I was 
using only 16 bytes of space in the 
EPROM— there was a lot of wasted 
empty space. 

So here's the deal. 

I want all of you to stretch your 
brains and figure out a good use 
for the rest of the room in the 
EPROM— some 2036 bytes. Re- 
member that the EPROM is being 
used only as a character generator 
and it's driving a standard seven- 
segment display with a right-hand 
decimal point. To make the con- 
test a bit easier let's say that it's also 
permissible to use a display with a 
left-hand decimal point. If you 
come up with a good idea, write it 
down and send it in. The top three 
winners will get a year's freebie 
subscription to Radio-Electronics 
and I'll print your entries in this 
column. 

Don't forget the rules. The 
EPROM drives a seven-segment, 
common-cathode display. When 
we get together next month, I'll go 
into the details and talk about 
using EPROM's to build 
customized character generators, 
keyboard translators, and other 
things. 

Character generator 

Unless you're building a kit put 
together by somebody else, a 
good deal of your circuit's com- 
plexity is due to the fact that you're 
using standard components to do 
a custom job. 

Think about it. 

If you're making something out 
of wood, you can buy lumber and 
cut it down to size. Electronics 
stuff is very different. Anyone who 
has spent time going through 
schematics knows that there are 
often lots of unused gates, coun- 
ters, and other parts on the board. 
The reason is simply because the 
design called for an or gate — just 
one single or gate — and they 
come four in a package. 

Now, I'm the first to admit that 
you can solve this problem with a 
piece of custom silicon, but we're 
talking big bucks. That's the way a 
lot of major electronics manufac- 
turers are going these days. More 
and more products show up on 
the market with ninety percent of 
their electronics in an ASIC (Ap- 
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plication Specific /integrated 
Orcuit). 

That kind of stuff is pretty much 
out of the reach of people like us, 
but the idea of custom silicon isn't 
totally out the window. I'm not, of 
course, talking about ASIC's, but 
things like PAL's and PROM's are 
easily within the grasp of someone 
with even a modestly equipped 
bench. 

PAL's can go a long way to solv- 
ing problems in logic, but they're 
aimed at handling complex gating. 
PROM's can do a bit of that and, 
unlike PAL programmers, PROM 
burners meet the two basic re- 
quirements of the hobbyist: 
they're reasonably priced and 
widely available. 

EPROM's can easily be burned at 
home and used to provide a sim- 
ple answer to what would other- 
wise be an impossibly complex 
solution. A perfect example of that 



is in designing a custom-character 
generator for standard seven-seg- 
ment displays. We'll go through all 
the steps involved and, once we've 
laid out the whole procedure, 
we'll see how it can be applied to a 
much wider range of circuit-de- 
sign problems. 

Designing a character generator 
means figuring out what combina- 
tion of input signals produces the 
desired combination of output sig- 
nals. The first step in the design, 
therefore, is exactly the same as it 
is in every other design — 
Grossblatt's golden rule: Know 
what you want to do before you sit 
down to do it. Vou can't make de- 
cisions with nothing in mind. 

The most popular EPROM's are 
2716's. They're cheap, available, 
and every EPROM burner I've ever 
seen can handle them. While it's 
true that there's no telling what 
characters you may want to dis- 
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play, it's also true that 2048 bytes 
should be plenty of room for you 
to satisfy even your wildest cre- 
ative inspirations. 

Seven-segment displays don't 
easily lend themselves to well- 
formed letters, but a good part of 
the alphabet can be displayed if 
you're willing to make some al- 
lowances. In line with Grossblatt's 
golden rule, the very first thing we 
have to do is decide what letters 
we can display, 

I've listed the letters to display 
in Fig. 1, and you should feel free 
to make any changes you want. If 
you're particularly artistic or have a 
better imagination, you can add 
the letters I've left out. It seems to 
me, however, that there's no way 
to clearly represent them. If you 
do work something out, you might 
consider using the decimal point. 
It doesn't have to be part of the 
character but it might be a good 
idea to have it light up when you're 
displaying a character whose rep- 
resentation is, to be generous, 
slightly unclear. 

Make sure that all the characters 
you design are uniquely identifia- 
ble. You'll see that some charac- 
ters are in upper case and some 
are in lower case. The reason for 
that is, as you'll see when you de- 
sign your own character set, that 
(Continued on page 104) 
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BASIC OP-AMPS 



ami in tied from page 72 



achieved by wiring a 10K potentiome- 
ter between pins 1 and 5 and con- 
necting the wiper (either directly or 
via a 4.7K "range-limiting" resistor) 
to the negative supply. In the case of 
the CA3130, A 100K offset- nulling 
potentiometer must be used. 

Applications roundup 

figures 6 and 7 show how op- amps 
can be used as fixed-gain inverting 
and non-inverting AC amplifiers. In 
both cases, the gain and the input 
impedance can be precisely con- 
trolled by carefully selecting resistor 
values . 

figure 8 shows how to make a dif- 
ferential amplifier with a gain equal to 
R2/R1; if Rl and R2 have equal val- 
ues, the exact value of the difference 
between the two input signals appears 
at the output. Figure 9 shows the cir- 
cuit of an inverting "adder" or audio 
mixer; if Rl and R2 have equal values, 
the inverted output is equal to the sum 
of the input voltages. 



Op-amps can be made to act as 
precision active filters by wiring suit- 
able filters into their feedback net- 
works. Figures 10 and 11 show the 
basic connections for making 2rid- 
order (narrow bandwidth) high-pass 
and iow-pass filters respectively. The 
circuits shown provide roll -of fs of 12 
dB/octave. 

The circuit in Fig. 12 is a supply- 
line splitter, which is useful for gener- 
ating a split supply from a single- 
ended one. Figure 13 has a boosted 
output current, so the circuit can be 
used as a variable- voltage power sup- 
ply by adjusting R3. 

Figure 14 is a precision half-wave 
AC/DC converter. The circuit allows 
an AC signal to be converted to DC, 
and also serves as a buffer for the 
input signal. 

Finally, the circuit in Fig. 15 uses a 
Wien Bridge network to generate a 
sine wave. The amplitude is stabilized 
via a low-current lamp. Figure 16 is a 
square-wave generator, in which the 
frequency can be controlled by any 
one of the passive component values. 
The circuit Fig. 17 is a function-gener- 
ator that can generate both square and 
tri an ^u I ar waveform s . R- E 
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IT S BEEN 26 YEARS SINCE THE COMPACT 

Cassette — to use its full name — 
was introduced, and its evolution 
makes a fascinating story. I can re- 
member the introduction of the 
first Norelco (Philips) unit. The 
book-size portable was originally 
promoted as a "sound camera" — 
the audio equivalent of the Kodak 
Brownie — that would make a 
handy way to record, for example, 
a baby's first gurgles as a sonic ac- 
companiment for the pictures in a 
photo album. It was only later that 
Philips realized that they had a via- 
ble competitor to the increasingly 
popular prerecorded 8-track mu- 
sic format. 

Considering the close connec- 
tion between Dolby noise reduc- 
tion and cassettes, readers may be 
surprised to learn that Philips ini- 
tially was reluctant to permit Dol- 
by-B noise reduction as part of the 
compact-cassette format. Philips 
felt that Dolby encoding con- 
flicted with their goal of total com- 
patibility — meaning the ability to 
play any Philips-licensed cassette 



on any Philips-licensed cassette 
machine. However, in 1973 Philips 
finally saw the light — or heard the 
hiss — and signed an agreement 
with Dolby. Philips was actually 
Dolby's 39th licensee. 

During the cassette's early days, 
no one, including Philips, dream- 
ed that it would ever rival the per- 
formance of open-reel tape, the 
standard at that time. I include Phi- 
lips in the group because the cas- 
sette machine itself would un- 
doubtedly have had a somewhat 
different physical design if the 
original intention had been to 
maximize its fidelity potential. 

Despite the built-in obstacles to 
high-fidelity performance, the de- 
signers of cassette decks and tapes 
have obviously worked miracles. 
I'm sure that some audiophiles will 
disagree, but it's been my experi- 
ence that the better decks can 
copy most CD's well enough to 
confuse even careful listeners dur- 
ing an A-B comparison. (That 
being the case, l find the current 
recording industry uproar over 



DAT dubbing very strange. Per- 
haps, as has been suggested, the 
DAT-dubbing battle is only the 
opening gun in a larger scheme to 
copyguard a//tape machines. But I 
digress...) 

When a new format or feature 
appears, it usually goes through a 
standard evolutionary process. 
Novel and/or beneficial tech- 
nologies appear first in high-end 
units and then gradually trickle 
down to the bottom end of the 
line — of everybody's lines. Things 
happen that way because the new 
technology is usually developed 
with the help of an IC manufac- 
turer, who grants no more than a 
year's exclusive to the original 
user. The next generation of 
equipment, from a wide variety of 
manufacturers, is likely to have the 
special IC or other component, as- 
suming that it provides a worth- 
while feature or performance 
improvement. 

The HX-Pro Story 

For a variety of reasons, the se- 
quence of events isn't always as 
I've just described. The circuit 
known as HX-Pro provides a good 
case in point. HX was originally de- 
veloped by Dolby Labs and then 
improved by the Danish audio 
company, Bang & Olufsen (B&O), 
and called HX-Pro. It is essentially 
a high-frequency headroom-ex- 
tension circuit that operates only 
during recording and does not re- 
quire decoding in playback. 

The operating theory of the HX- 
Pro circuit can be explained rather 
simply, although its implementa- 
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tion is somewhat complex. We are 
all aware that tape recorders em- 
ploy a very-high-frequency bias 
signal to "condition" the tape in 
use for optimum recording perfor- 
mance. If the bias signal is set too 
low, distortion and over- 
emphasized highs result; if set too 
high, high-frequency audio sig- 
nals aren't recorded properly. 
Other important parameters such 
as sensitivity, distortion, and max- 
imum output are also affected— 
positively or negatively — by the 
bias level. The correct bias values 
in each machine are set internally 
by the manufacturer, and can be 
adjusted externally with the re- 
corder's ferric/chro me/metal tape- 
type switch (plus a bias trim adjust- 
ment on some machines). 

At some point, it was discovered 
that an audio signal with strong 
high frequencies actually rein- 
forces the bias signal and results in 
a bias level that is higher than op- 
timum for best performance. Al- 
though there are other unwanted 
effects, the most obvious audible 
result of the over-bias is a roll-off of 



the high-frequency response. It 
won't help to lower the overall bias 
level to compensate for that effect, 
because then the tape will be un- 
der-biased most of the time. 

The HX-Pro solution to the over/ 
under-bias problem is to con- 
stantly monitor the level and fre- 
quency content of the input signal 
during recording. Then it automat- 
ically adjusts the internal bias level 
so that the total effective bias 
(which includes the contribution 
of the high audio frequencies) is 
optimized at all times. 

just as you don't have to be Jew- 
ish to appreciate Levy's rye bread, 
you don't have to understand bias 
theory to hear the improvement 
that HX-Pro provides. As illus- 
trated in Fig. 1, HX-Pro makes it 
possible to record high-level high 
frequencies cleanly and accu- 
rately. In fact, to my ears, HX-Pro 
achieves a high-frequency perfor- 
mance with ferric- and chrome- 
equivalent tapes that many ma- 
chines can barely manage with ex- 
pensive metal tapes. 

Why, then, hasn't HX-Pro be- 



come as popular as Dolby Band C? 
Aside from the royalties that must 
be paid for its use, I suspect that: 
(1) At the time of HX-Pro's ap- 
pearance, the Japanese already 
had a tremendous investment in 
metal tape, and hoped to sell a 
whole new generation of "metal- 
ready" machines; and (2) Why not 
save the HX-Pro feature until the 
sales of metal-ready machines 
have run their course? HX-Pro can 
then be introduced as the impor- 
tant new feature that will induce 
consumers to trade up. 

This past year there have been 
several new cassette decks — all 
using a newly developed HX-Pro 
IC — from manufacturers who 
haven't been in the HX-Pro camp 
previously. I wish them luck with 
their products, because I find HX- 
Pro to be an elegant solution to a 
previously unrecognized — hence, 
unsolved — problem. HX-Pro does 
not require that the consumer buy 
premium tapes or set additional 
knobs, and it produces tapes that 
can be played back with apprecia- 
ble benefit on any machine. R-E 
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HARDWARE HACKER 



continued from page 28 



sic or whatever well ahead of any 
volume controls and then further 
squash it with a log amplifier, an 
automatic gain-control circuit, or 
some sort of compressor or com- 
pander. Those compressor chips 
used by citizens-band radio will 
often work just fine, as should 
those companding "telephone" 
style A/D converters. 



to handle on a real-time basis, al- 
though comb filtering or real-time 
digital signal processing spectral 
analysis surely could give spec- 
tacular results. 

For live music, having a separate 
pickup for every instrument can 
work out well. In general, the 
more channels and the better their 
separation, the better your final 
results. Use stereo at the very 
least. 

Sixth, and finally, a static lighting 
display is a no-no. Either the lamps 
themselves or their mirrors, their 




FIG. 5— THE ZP.2 "DISCO CHIP" is programmable to handle many light chasers, zoners, 
and AC/DC dimmers, along with various other counting and control tasks. It is based on a 
programmable peripheral interface. 



Fourth, most lamps get yellower 
and yellower as they are dimmed. 
For the best results, only abso- 
lutely outstanding color filters 
should be used. Good choices are 
dichroic filters built into the lamp, 
or else theater-quality acetates that 
are doubled or tripled up. Laser 
light, of course, provides the ulti- 
mate in pure color effects. Let me 
know if you find a cheap blue laser. 

Fifth, your filters that separate 
the audio spectrum should have 
large "black holes" or guard bands 
in them, so the lights tend to re- 
spond to certain instruments, 
rather than responding to the total 
audio level. Ideally, you would like 
to include some sort of a multi- 
voice phase-lock audio tracker 
that would link one particular 
color to one certain instrument. 
That can get nasty and expensive 



diffusers, or their reflectors, 
should slowly and continuously 
reposition themselves. 

Let me hear from you if you've 
done anything in this area or have 
any similar ideas. 

A new disco chip 

There's several obvious ways to 
go about building your computer- 
controlled lighting system. One 
would be to model what you want 
on the Commodore 64. Another 
would be to use an Apple II Plus, 
which should be able to com- 
pletely control even the most com- 
plex lighting system that you could 
possibly dream up, given some 
simple and easily changed ma- 
chine-language EPROM driver 
modules. 

Another route would be to go 
with the BSR-type X-10 modules, 
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but they are rather slow-acting in 
their dimming modes, and the 
costs will get out of hand if lots of 
lamps are involved. Multiple com- 
mands at once could also create 
hassles. 

I'll leave details on this to Steve 
Garcia, who gave you all the BSR 
fundamentals way back in the Sep- 
tember 1980 issue of Radio-Elec- 
tronics, and to his ongoing X-10 
projects in his new Circuit Cellar 
Inc hacker magazine. 

Or, you could use the fantastic 
Mitsubishi M50734 controller chip. 
That jewel does have bunches of 
on-board I/O all ready to go and is 
one incredible piece of silicon. It 
should also be possible to work up 
custom dimmer/controller chips 
out of various PLA, PAL, or PLD 
chips whose costs are now down 
in the $3 range. Any of those alter- 
natives would make a really great 
Radio-Electronics construction 
project. 

There is also a brand-new ZR2 
Disco Chip integrated circuit now 
available from Alx Digital. That is 
based on a programmable pe- 
ripheral controller circuit and 
costs around $30 in singles. It may 
be used singly or in groups, with 
or without a personal computer. 

Figure 5 shows you some of the 
details. There are twelve main op- 
erating modes, which get chosen 
by "inputting a binary word on the 
input lines and then resetting. 

Modes one through four are for 
chasers or zoners with controlla- 
ble speed that may be run man- 
ually or automatically, on either a 
one-shot or a continuous basis. 

Mode five sets up a master/slave 
situation where a master ZR2 can 
serially control many others. 
Mode six lets you turn groups of 
lights on or off under command of 
an input control byte. Mode seven 
is similar, except that it accepts a 
wire-saving one-line serial input. 

Modes eight and nine are used 
to give UART-like features to the 
ZR2 with mode eight being the 
transmitter and nine the receiver. 

Mode ten is just a simple pulse 
counter, while mode eleven acts as 
a "DC" light dimmer, based upon 
pulse-position modulation. 

Mode twelve is a full "AC" phase 
dimmer that can dim and brighten 
an incandescent lamp, all at varia- 
ble speeds. The mode requires a 



120-Hz power line reference input 
for synchronization. 

While this disco chip is certainly 
innovative and can do interesting 
things, it does seem to have a few 
rough edges here and there. I 
guess I would personally opt for 
machine-language software or 
else firmware instead of a dedi- 
cated peripheral-circuit to do 
many of the tasks. The EPROM- 
based firmware would often be far 
cheaper, more powerful, and 
more flexible. 

New tech lit 

A lot of new technical "liter- 
ature" is now coming out on flop- 
py disk, rather than printed in 
some catalog. Motorola is a major 
innovator here with their new and 
free Specs in Sees data disks and 
selector guides. Other examples 
include that free Introduction to 
Programmable Gate Arrays by 
Advanced Micro Devices and the 
also free MacroChip Demo from 
Ferranti Interdesign. 

The future, of course, lies in the 
CD-ROM distribution of data and 
tech info. Apple Computer has an 
unbelievably good offer. For $15 
each and one-week delivery, they 
will line you up with firms that 
manufacture custom CD-ROM 
disks especially for you. The only 
minor gotchas are that you are lim- 
ited to a trifling 80 megabytes max- 
imum, that you have to buy one 
hundred identical disks at a time, 
and that you can only do that once. 

Turning to traditional data 
books, the "heavies" attacked in 
force this month. Do check out 
Texas Instruments for their new 
and must-have 1988 TTL Logic Data 
Book, and for their 1988 Program- 
mable Logic Data Book. And that 
new Intersil Component Data Cat- 
alog, along with Integrated Cir- 
cuits for Linear Applications from 
GE Solid State. 

The SGS-Thomson folks have a 
free new Shortform Products in 
Production catalog out. Included 
between the covers are an incredi- 
ble variety of offbeat and oddball 
integrated circuits having out- 
standing hacker potential. 

Ten different free sample idea 
kits are available from the Caplugs 
people, who make all types of low- 
cost plastic caps and plugs, net- 
ting, edge liners, and such. There 
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are oodles of off-the-wall hacker 
uses for them. Start with idea kit 
number 12, and see what kind of 
ideas you can come up with. 

A Power Measurement Hand- 
book has been issued by RFL t 
while data sheets on low-cost ul- 
tra-violet flame-detector sensors 
are available from Hamamatsu. 

Turning to my own products, if 
you are at all into setting up your 
own small-scale technical or craft 
business, do check out my classic 
Incredible Secret Money Machine 
book. Plus our usual reminder that 
we are now shipping autographed 
copies of ail our Hardware Hacker 
reprints volume II, and my Ask the 
Guru, volume I and II. 

As always, this is your column 
and you can get technical help and 
off-the-wall networking per the 
usual help box. Be sure to see the 
Names and Numbers sidebar for 
further info on any of the products 
or services mentioned, R-E 
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The more you use it the 
mare useful It becomes 

We support 300 and 1200 
baud operation . 

Parameters: BN1 (0 data 
tills, no pari If. 1 stop bill or 
7E1 (7 data bits, even partly, 
1 stop bit}. 

Add yoursell to our user files 
to increase your access. 

Communicate with other R-E 
readers. 

Leave your comments on R-E 
with the SYSOP 



RE-BBS 

516-293-2283 



Employers 

Willing workers available 
now at as little as % 
your usual cost. 

This is your chance 
to get help you've 
needed , but thought you 
couldn't afford- 
No business too large 
or too small. Call your 
private industry council 
or write National 
Alliance of Business, 
P.O. Box 7207, 
Washington, D.C. 20044 
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RS-232 interfaces are the 
bugaboos of systems in- 
stallers and maintainers. Add a 

new PC, printer, or modem to 
your system, and you'll have a lot 
fun as you try to get various de- 
vices talking together via the 
supposed "standard." 

The Smart Data Meter (Fig. 1) 
from IQ technologies can go a 
long way toward reducing serial- 
interface headaches. It contains 
built-in intelligence that helps 
you figure out how devices with- 
out documentation are set up 
(baud rate, number of data, start, 
and stop bits), verify the setup of 
a supposed "known" device, de- 
termine whether a device is DTE 
(Data Terminal Equipment such 
as a serial terminal or the serial 
port of a PC) or DCE (Data Com- 
munications Equipment such as 
a printer or modem), etc. 

The Smart Data Meter is a 
light, hand -held device not much 
larger than a pocket calculator. It 
contains a microprocessor and a 
40-character LCD display, and 
runs off a single nine-volt battery, 
good for 30 hours of use. The 



meter turns itself off after about a 
minute of disuse, thereby show- 
ing one of the ways in which it 
lives up to the name Smart. 

To use it, you plug one end of 
an interface cable into the meter. 
For connection to your computer, 
modem, etc., the other end has a 
25-pin male D connector, and a 
switch that changes the device 
between DTE and DCE. A female- 
to-female gender changer is also 
included. 

A single switch to the left of the 
LCD display controls all opera- 
tions. After plugging in the inter- 
face cable, press the switch once, 
and a menu appears. Press and 
release the switch to move from 
item to item in the menu; press 



and hold the switch to select an 
item. 

The menu allows four types of 
operations: Read, Scan, Parm, 
and Print. The Read function al- 
lows you to connect the meter to 
an unknown output device and 
determine its operational param- 
eters (baud rate, etc.). Just con- 
nect the meter and send some- 
thing out of the serial port. In a 
few seconds the meter will show a 
sample of the data you sent along 
with the baud rate and other pa- 
rameters. If nothing shows up, 
flip the DTE/DCE switch and try 
again. 

In the Scan mode, the meter 
sends strings of characters to a 
receiving device at all common 




FIG. 1 



baud rates from 75 to 19.200, 
and with various numbers of 
data bits, etc. This mode is par- 
ticularly useful with a printer, be- 
cause when the correct combina- 
tion is hit upon, the printer will 
actually print the setup informa- 
tion for you. 

The Parm mode allows you to 
set the operating parameters for 
the Print mode. In the Print 
mode, a reference string of 
characters is sent according to 
the parameters that are set in 
Parm mode. Depending on how a 
device handles the eighth data 
bit and the stop bit(s), more than 
one setting may display correctly 
in the Scan mode. You can use 
the Parm and Print modes to zero 
in on the correct setup. 

I used the Smart Data Meter to 
help solve an interface problem. I 
was trying to connect several 
computers to a multi-port printer 
buffer. The parallel input and 
output worked fine, but (natu- 
rally) I couldn't get the serial in- 
put to work. But where was the 
problem? In the printer buffer? 
In the PC driving it? The meter 
helped me discover the problem 
quickly potentially saving sev- 
eral hours of time. 

At about $400, the Smart Data 
Meter is too expensive for hob- 
byist or occasional use. But for 
technicians and systems inte- 
grators, it should quickly pay for 
itself. 

The meter comes with a pad- 
ded carrying case with a belt loop, 
and a miniature 12-page manual. 
The manual won't win any 
awards for clarity of writing, but 
the meter is so easy to operate 
that it really doesn't matter. 

My main complaint is that the 
Smart Meter should have an LED 
or two to indicate line activity. It's 
a bit disconcerting to connect the 
meter and see no indication 
whatsoever that the device under 
test is alive. 

Also, the Print mode would be 
more useful if the Smart Meter 
sent a more complete set of 
characters. It should send at 
least the 96-character ASCII set 
(32-127}, and provide options for 
sending the IBM extended 
characters, or even all 256 possi- 
ble values. 

Further, a monitor mode in 



which each received character 
was displayed in hex and ASCII 
would be very useful for debug- 
ging things such as printer and 
dumb -terminal drivers. 

If you do much serial interfac- 
ing, check out the Smart Data 
Meter — you won't be disap- 
pointed. 




Dots and Vectors 



It used to be that there were two 
types of graphics programs for 
PC's: those that generate dots 
and those that generate vectors. 



program, each point along the 
circumference becomes a dot on 
the screen that has no particular 
relation to any other dot on the 
screen. So you can't change the 
diameter of the circle simply by 
specifying a new diameter; in- 
stead, you must delete the old cir- 
cle dot by dot and draw a new 
one. 

In a vector program, by con- 
trast, a circle is a circle is a circle. 
You can modify that circle at any 
time by selecting it and stretch- 
ing it. 

At the user level, paint pro- 
grams tend to sport spiffier, more 
intuitive, icon-based interfaces, 
whereas CAD programs tend to 
rely on text-based menu systems 
that are much harder to learn 
and operate. 

In the past few years, however, 
several programs have appeared 
that attempt to combine the best 
features of both. Adobe Il- 
lustrator (for the Macintosh) is 
probably the best-known pro- 
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Dot programs include Dr. Halo, 
the paint program that comes 
with Windows, etc. Vector pro- 
grams include most CAD pack- 
ages (AutoCAD, for example). 

Dot programs differ from vec- 
tor programs in that the images 
created in a dot program are not 
modifiable in the way in which 
they were created. For example, 
when you create a circle in a dot 



gram of its type; a relatively new 
entry for the IBM family is called 
Designer, seen in Fig. 2, 

Designer runs under Windows, 
so right away you know it needs a 
fast 286 or 386 with megabytes of 
memory, a speedy hard disk, and s 
amouseorotherpointing devi ce . x 
The program can run in lesser i 
configurations, but you'll need £ 
lots of patience to do so. Designer § 
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comes with a run-time version of 
Windows, but to take maximum 
advantage of the Windows en- 
vironment, you'll probably want 
the full retail version. 

Designer provides a dot -style 
user interface with vector-style 
drawing elements. Like a paint 
program, Designer presents a 
menu of icons along the left side 
of the screen. By clicking on an 
icon, you can select various draw- 
ing tools: line, circle, ellipse, 
square, rectangle, polyline, para- 
bola, pie chart, as well as special 
tools for selecting objects in vari- 
ous ways, rotating them, insert- 
ing objects from the clipboard, 
and zooming. 

In addition. Designer has nine 
CAD-Iike drop-down menus that 
function according to the Win- 
dows standard. The Draw menu 
duplicates the tools in the icon 
menus. Other icon equivalents 
appear in the Edit and View 
menus. The File menu allows you 
load, save and print files; the 
View menu allows you to view the 
current drawing at actual size, to 
view the whole page, to view all 
pages, to zoom, to change rulers 
and grids, etc. Other menus al- 
low you to specify text styles and 
background patterns. 

A little intuition 

One thing that makes Design- 
er more intuitive than a typical 
CAD program is its use of the 
page metaphor. With a typical 
CAD program, everything is rela- 
tive, which can be disconcerting. 
Although it's not difficult to pro- 
portion items with respect to one 
another on the screen in a CAD 
program, it takes some practice 
to get things proportioned right 
on paper. 

With Designer, you specify a 
page size before starting a draw- 
ing, and are constantly aware of 
it while working. A single draw- 
ing file can contain numerous 
pages; conversely, a single draw- 
ing can extend across several 
pages. An item in the View menu 
allows you to see a grid of thumb- 
nail views of several pages, de- 
pending on your video system (54 
pages shown on a VGA system). 

The page metaphor helps you 
conceptualize how a drawing will 
fit on a page. And drawings that 



spill over onto other pages can be 
printed separately, and then pas- 
ted together manually. The size of 
the page depends on your printer. 

A nice feature of Designer is the 
way it allows you to create librar- 
ies of symbols — electronics sym- 
bols, for example. Other CAD and 
drawing packages have the same 
basic capability, but creating a 
symbol library and providing a 
clean way of getting at the sym- 
bols can be extremely time con- 
suming, unless you buy a 
commercial add-on product. 

In Designer, any drawing can 
function as a "library." Just 
group a set of drawing primitives 
(a circle, some lines, and an ar- 
rowhead for a transistor, for ex- 
ample), and give the collection a 
name. Later, when you need a 
symbol, you can call it up by 
name using either a Windows di- 
alog box, or visually by opening 
an on-screen window and copy- 
ing it with the pointing device. 
Both methods work well. 

Most CAD packages come with 
only a few text fonts, and typically 
they're not much to look at. De- 
signer comes with quite a few, 
and If you have a PostScript-com- 
patible laser printer, you can 
create high-quality text. 

The program really cuts across 
disciplines. A sample image that 
comes with Designer shows its 
potential for creating advertising 
materials, but I had litde trouble 
(after getting over a brief initial 
learning "hump") creating sev- 
eral good-looking schematics. 

Micrografx also sells quite a few 
libraries of clip art (pre-drawn 
images that you can use as-is or 
modify), Including electrical, 
electronics and computer sym- 
bols, as well as 3-D renderings of 
devices like resistors, tuning ca- 
pacitors, IC's, etc. 

The program has its faults. For 
example, in most CAD programs, 
you can zoom up or down by en- 
tering a percentage (50% , 200% ), 
by boxing in the desired area, etc. 
Designer only allows the box 
method, and often allows only 
two zooms before you must re- 
turn to the full-page view and 
start over. 

Some operations are cumber- 
some. Changing layers, for exam- 
ple, entails opening a menu. 



opening a dialog box, specifying 
the desired layer, and then click- 
ing an OK button. That can easily 
add up to half a dozen clicks and 
seconds of time. There should be 
a faster way. 

Overall, though, the program 
works well. In an engineering 
firm, Designer would be equally 
at home in the marketing depart- 
ment and in the engineering de- 
partment. It runs under Win- 
dows, so integrating technical 
drawings with desktop-pub- 
lished material is a snap. With 
PageMaker and Designer, tech- 
nical manuals and catalogs 
would be child's play. 

In short, it's nice to find a prod- 
uct that can do so much, that 
really is fun to use. 



New from Borland 



Turbo Pascal created a revolu- 
tion in the programming 
world when it was introduced in 
1983. An in- memory editor/link- 
er/compiler that ran in a 64K CP/ 
M machine was not only un- 
believable, but impossible! 

It took a while, but Borland 
eventually made believers out of 
thousands of programmers. 

Version 5.0 of the now-venera- 
ble Turbo has just been intro- 
duced, and it finally has what 
we've been clamoring for for 
years: an integrated debugger. No 
more awkward or inconvenient 
add-ons; now Turbo does it all. 
Borland is also introducing a 
new version of Turbo C (2.0) that 
has an integrated debugger. 

Further, the company is intro- 
ducing a stand-alone Turbo As- 
sembler & Debugger that pro- 
vides source and assembly-level 
debugging, virtual-mode sup- 
port on 80386-based PC's, re- 
mote debugging via an RS-232 
line, and numerous other fea- 
tures. Turbo Assembler & Debug- 
ger can be purchased separately 
or discounted in combination 
with Turbo Pascal or C. 

Lack of a debugger has long 
given Microsoft's Quick products 
a leg up on Borland's Turbo prod- 
ucts. Now the software Goliath 
had better watch out for this 
pesky David. 
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COMPUTER 

AIDED 
VIDEO 



Add pizzazz to your 

home videos! Here's how 

to assemble and use a 

video post-production 

system on the 

Amiga 2000. 



In this IBM-dominated world, 
not everyone knows that an 
Amiga computer is a powerful 
tool for video production. How- 
ever, with the right tools, you 
can: 

■• Create special effects. For ex- 
ample, you can superimpose a 
computer-generated spaceship 
over a picture of your house. 

• Add titles to your home videos. 

• Transfer "then" and "now" 
photos of your high school class 
onto videotape, superimposing 
names over photos. 

• Create your own MTV-like mu- 
sic videos. 

The process of creating those 
types of videos is fairly simple, 
but you need the right equip- 
ment and techniques. Unlike edi- 
ting film and audio tape, editing 
videotape involves no cutting 
and splicing. Instead, you copy 
only those portions you want 
from raw footage onto a master 
tape. Adding an Amiga 2000 
computer allows titles, graphics, 
and even animation to be super- 
imposed on your videos. 

In this article, we will intro- 
duce you to a video post-produc- 
tion system that can be used by 
either the advanced hobbyist or 
the low-end professional. 

System components 

The post-production system 
described in this article requires 
these twelve components: 




• Camera 

• VHS editing system 
(two VCR's and a controller) 

• Special-effects switcher 

• Computer genlock 

• Amiga 2000 computer 

• RGB/NTSC computer 
monitor 

• TV set 

• Audio cassette deck 

• Microphone 

• Audio mixer 

The camera can be a cam- 
corder or video camera; it must 
produce NTSC video and line- 
level audio outputs. You use the 
camera to shoot live video and for 
transferring photos and slides to 
videotape. 

Our editing system consists of 
the two VHS editing VCR's and a 
controller. The two Panasonic 
AG-1950 VCR's are shown in Fig. 
1, but any pair of editing VCR's 
should do. The Panasonic AG- 
A95 controller is shown in the 
bottom of Fig. 2. One VCR serves 
as the source (player) and the 
other serves as the destination 
(recorder). The Panasonic system 
allows precise edits with a resolu- 
tion of + 4 and - 7 frames. It also 
uses flying erase heads to gener- 
ate clean edits without a rainbow 
effect. In addition, a large "jog/ 
shuttle" knob allows precise po- 
sitioning of the tape during edit- 
ing. Once the beginning (inset) 
and ending (outset) edit points 
are selected, the controller auto- 
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matically queues the VCR's and 
performs the edit (copies from 
the player to the recorder). Alter- 
natively, you can perform edits 
manually using the controls pro- 
vided on each VCR. 

One limitation is that the Pan- 
asonic AG-1950 has a mono (not 
stereo) soundtrack. However, a 
TV set connected to the destina- 
tion VCR's RF output delivers 
only mono sound anyway 

The special-effects switcher 
(the middle of Fig. 2) performs 
fades and wipes to black in addi- 
tion to switching between the 
camera and the source VCR. 

To transfer titles and graphics 
from the Amiga to videotape, a 
device called a genlock is re- 
quired. A genlock converts the 
computer's RGB video output 
into NTSC-standard video suit- 
able for recording. The genlock 
also adjusts the computer's sync s 
pulses to coincide with those :e 
from an external video source, ei- i 
ther your source VCR or your vid- & 
eo camera. o 
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Fig. 1 THE TWO EDITING VCRs have specialfeatures that make editing videotapes a 
lot easier. 
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Fig. 2 THE SUPERGEN GENLOCK (top) has manual sliders for graphic Jades. The 
Radio Shack special effects generator (middle) does fades and wipes to black, tn 
addition to switching between two sources. The Panasonic controller (bottom} queues 
the VCR's for automatic edits. 



We use the Supergen genlock 
by Digital Creations, because, in 
addition to producing a broad- 
cast-quality signal, it has sliders 
for the manual control of fore- 
ground and background graph- 
ics and video dissolves. It is 
shown in the top of Fig. 2. The 
Supergen also comes with soft- 
ware to allow the Amiga to control 
the sliders. 

We use a Commodore 1084 
RGB/NTSC computer monitor to 
view the RGB output of the com- 



puter as well as the NTSC video 
from the source VCR. Switching 
between the two is accomplished 
via a front-panel button. 

The television set monitors the 
signal from the destination VCR. 

An audio mixer controls sound 
from three sources. First is 
source audio (camera or VCR, as 
determined by the special-effects 
switcher). Second is the audio 
cassette deck, which is used for 
dubbing music from an audio 
cassette onto videotape. Third is 



the microphone, which can be 
used for live narration and sound 
effects. We use a home-built mix- 
er, but numerous mixers are 
available commercially. 

We use two software packages 
to generate graphics and titles. 
First is DeluxePaint II, which we 
use to create static (non-moving) 
graphic images. With "color cyc- 
ling," you can simulate simple 
animation. 

We use Aegis Videotitler. That 
program uses both built-in 
Amiga fonts and its own "poly 
fonts, " which can be skewed, en- 
larged, shrunk, or distorted. Vid- 
eotider can use its own backdrop 



Product Information 

Hardware 

Panasonic AG-1950 editing 

deck 

Panasonic AG-A95 controller 

Panasonic Industrial Company, 

One Panasonic Way, Secaucus, 

NJ 07094, (201) 348-7000 

Amiga 2000 computer 
Commodore 1084 RGB/NTSC 
Monitor 

Commodore Business Ma- 
chines, 1200 Wilson Drive, West 
Chester, PA 19380, (215) 
431-9100 

Supergen genlock 
Digital Creations, 1333 Howe 
Avenue, Suite 208, Sacramen- 
to, CA 95825 

Radio Shack model 15-1274 
Special Effects Switcher 
Radio Shack. 500 One Tandy 
Center, Ft. Worth, TX 76102 

Software 

Aegis Videotitier/Video SEG 
Aegis Development, 2210 
Wilshire Blvd. , Suite 277, Santa 
Monica, CA 90403, (213) 
392-9972 

DeluxePaint II 

Electronic Arts, 1820 Gateway 
Drive, San Mateo. CA 94404, 
(415) 571-7171. 

DeluxeHelp 

RGB Video Creations, 2574 
PGA Blvd., Suite 104, Palm 
Beach Gardens, FL 33410, 
(305) 622-0138. 



94 




RF SIGNAL I 



EFFECTS 
SWITCHER 





VIDEG 
IN 



OVER- 
LAY! 



GENLOCK 
RGB THRU 



B 
OUT 



I 

RGB IN 

RGB MONITOR 

NTSC IN 
AUDIO IN 



CASSETTE 
DECK 



CUT -- 



--CH1 



— CH2 



i CH3 



OUT 



MIC 



ID- 



AUDIO 
MIXER 




RECORDING 
VCR 

RFOUT 



RF IN 

TELEVISION 



RF SIGNAL 

--CONTROL SIGNAL 
STEREO AUDIO 



Fig. 3 A COMPLETE VIDEO POST-PRODUCTION system can be set up for home use at 
reasonable cost. 




(a graphic screen placed "be- 
hind" the titles), or it can use a 
backdrop created in another pro- 
gram — DeluxePaint II, for exam- 
ple. 

We also use Aegis Video SEG 
(Special Effects Generator), 
which comes with the Videotitler, 
to arrange a series of graphic 
screens into a slide show. Each 
screen can be linked to the next 
by a variety of transitions, in- 
cluding dissolves, collapses, 
wipes, and scrolls. 

Hooking if all up 

Figure 3 shows how the equip- 
ment connects together. Before 
making any connections, thor- 
oughly familiarize yourself with 
the Panasonic editing system 
and with the Amiga/genlock set- 
up. Also, consider the physical 
layout of the equipment. The 
controls you'll use most often 
should be easy to reach. Of 
course, yon have to be sure to 
switch off all equipment while 
making connections. 



Except for the RF connections, 
which use 75-ohm coax with F- 
connectors, the system intercon- 
nections use shielded patch 
cords with RCA phono plugs on 
each end. You'll also need some 
BNC to RCA adapters, because 
both the Panasonic VCR's and 
the genlock use the BNC types. 

Although the genlock is sup- 
posed to lock out non-NTSC sig- 
nals, we've found that snow and 
other garbage tend to scramble 
the image on the computer 
monitor's screen. To cancel that 
noise, connect an RF signal (a ca- 
ble-TV feed, for example), to the 
RF input on the source VCR. 
That gives the genlock an NTSC 
signal to lock onto when the 
source VCR is on but not playing 
a tape. To avoid the external RF 
source, you could also play a tape 
in the source VCR at all times, or 
simply turn the source VCR off 
whenever you stop the tape. The 
RF signal also solves a similar 
problem with the special-effects 
switcher. 



We use a Radio Shack model 
15-1274 for the special-effects 
switcher. It has A and B inputs; A 
is the default (the input that the 
unit switches to when power is 
first applied). Video and audio 
from the source VCR should feed 
the A input, and video and audio 
from the camera should feed the 
B input. 

The device also has A and B 
outputs, which are simply wired 
in parallel. Connect the A video 
output to the video input on the 
genlock, and connect the B video 
output to the monitor's CVBS 
(NTSC) video input. 

Push the VCR button on the 
rear of the monitor, connect the 
switcher's A audio output to 
channel 1 on the audio mixer and 
the B audio output to the audio 
input on the monitor. Next, 
using a Y adapter, combine the 
left and right audio channels and 
connect that signal to the 
monitor's mono audio input. The 
RGB input on the monitor 
should have been connected 
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Audio mixer: An electronic de- 
vice that combines several au- 
dio signals. A typical mixer has 
separate volume controls for 
each audio input. 
Background graphics: In the 
Amiga system, the background 
color is Color 0, which is usually 
black. On the Supergen gen- 
lock, when the background 
slider is set at 0%, color is 
transparent. 

Control track: The VCR puts a 
series of timing pulses onto the 
videotape whenever a signal is 
recorded. The pulses reside in a 
special section of the tape. 
Controller: A microprocessor- 
based device that controls two 
editing VCR's in order to auto- 
matically perform a series of edi- 
ting functions. 

Dissolve: The process of dou- 
ble-exposing two scenes. One 
gradually disappears while the 
other takes Its place. 
Dub or dubbing: Accessing the 
linear soundtrack to record mu- 
sic or other sound effects to be 
used with video. Also copying a 
tape without edits. 
Edit point: The beginning or 
end of a section of tape that will 
be included in the edited master 
tape. 

Fade in: The gradual ap- 
pearance of a picture. 
Fade out: The gradual disap- 
pearance of a picture. 
Fade to black: The gradual dis- 
appearance of a picture into a 
black screen. 

Font: Type in a particular size 
and style. 



GLOSSARY 

Foreground graphics: In the 

Amiga system, all colors other 
than Color 0. {See background 
graphics.) 

Frame: The shortest complete 
static image in the NTSC video 
system, Vso of a second. Video is 
composed of a continuous se- 
ries of frames. 

Master tape: The video you 
create by editing raw footage. 
NTSC: Acronym for National 
Television Standards Commit- 
tee. It is the video standard used 
by television and video equip- 
ment in the United States. 
Rainbow effect: Unwanted col- 
oration and distortion that oc- 
curs around an edit point on a 
videotape when the edit is made 
with inexpensive equipment 
without flying erase heads. 
Raw footage: A movie term for 
the film exposed during a scene. 
In video, that means an un-edi- 
ted recording. 

RF: Radio Frequency. Signals 
from a cable-TV feed and a tele- 
vision transmitter are both RF 
signals. 

RGB: Acronym for Red Green 
Blue. A video system used by 
graphics-oriented computers 
such as the Amiga. 
Special- effects switcher: An 
electronic device that performs 
various types of transitions be- 
tween two video signals or be- 
tween a video signal and a black 
screen. (See Fade, Wipe). It is 
the video equivalent of an audio 
mixer. 

VHS hi-fi: A method of record- 
ing low-distortion, wide- fre- 



quency-response stereo audio 
onto the same portion of a vid- 
eotape that the video signal 
uses. This is different than lin- 
ear audio, which is of lower 
quality and placed on a separate 
section of the tape. The video 
signal cannot be edited without 
disturbing the VHS hi-fi audio; 
however, linear audio can be 
very easily manipulated without 
disturbing the video tracks on 
the tape. 

Video post-production: All 
work that is done on a video pre- 
sentation after the raw footage 
has been shot. That includes 
any kind of work such as edit- 
ing, adding titles and graphics, 
using wipes and other transi- 
tions, equalizing the sound- 
track, and adding music and 
narration. 

Wipe: Covering one picture 
with another in a sweeping mo- 
tion, like a curtain dropping 
onto a stage. Wipes can also be 
to a black screen. 
Zoom: The process of changing 
the focal length of a lens. Most 
video cameras have zoom 
lenses. They allow the user to 
change the size of the picture 
without changing position of 
the camera. 

Zoom microphone: A micro- 
phone with two selectable pick- 
up patterns. "Normal" uses an 
omnidirectional pattern for 
short-distance sound pickup. 
"Tele" uses a cardioid pattern 
for picking up sounds at a great- 
er distance, so as not to inter- 
fere with the subject. 
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when you installed the genlock. 

The mixer has three stereo in- 
puts and one stereo output. The 
first input comes from the effects 
switcher, the second from the au- 
dio cassette deck, and the third 
from the microphone. Connect 
the mixer's output to the audio 
input on the recording VCR. 

Now connect Overlay 1 {the 
NTSC video output of the gen- 
lock) to the video input of the re- 
cording VCR, and connect its RF 
output to the TV. Set the VCR's 
output to channel 3 or 4, and set 
the TV to the same channel. 



Last, if you haven't done so al- 
ready, connect the editing con- 
troller to the two VCR's, connect 
the Amiga to the genlock, and the 
genlock to the monitor. 

System checkout 

Before proceeding, check your 
wiring carefully After confirming 
all connections, turn on the 
equipment. Set the VTR/TV 
switch on the destination VCR to 
VTR and set the input selector to 
Line 1 , If you have connected an 
RF signal to the source VCR, 
make sure that its input selector 



is set to tuner. As you change 
channels on the source VCR, the 
picture on the television set 
should change. 

Now set the genlock. The 
Power/Lock LED should be 
green. Push the RGB/CVBS 
switch on the front panel of the 
monitor, and you should see the 
same signal as on the television 
set. Push the RGB/CVBS again to 
see the computer output. 

Advance the sliders on the gen- 
lock. The picture on the televi- 
sion should gradually dissolve 
into whatever the computer is 
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displaying. Don't forget to return 
the sliders to their original posi- 
tions. 

Now push the bottom fade but- 
ton on the effects switcher. The 
images on both the TV and the 
monitor (with the CVBS button 
pushed in) should fade to black. 
Fading video should not affect 
the graphics from the genlock. 
Confirm that by advancing the 
sliders again. 

Now, press the source button 
on the switcher. The green LED 
should go out and the red LED 
should light up. Both the TV and 
the monitor should display the 
picture from the camera. 

That confirms that the video 
portion of the system is func- 
tional; now check the audio. Ad- 
vance the slider for channel 1. 
You should hear audio from the 
camera. (Note: Some camcor- 
ders, such as the Panasonic 
AG- 155, will not power the micro- 
phone unless you have a tape in 
the camera, and it is set to record 
pause). Now. press the source 
button on the switcher. You 
should hear audio from the 
source VCR. Return the slider to 
its former position. Advance the 
slider for channel 2 while a tape 
is playing in the audio cassette 
deck. Finally, advance the slider 
for channel 3 and speak into the 
microphone. You can monitor 
the left and right stereo channels 
by watching the indicators on the 
destination VCR. 

If something doesn't work 
right, switch off power and check 
your wiring against the block di- 
agram. If everything looks OK, 
disconnect the suspected piece of 
equipment from the system and 
check its operation. 

When everything is working, 
create a short video to test the 
system. When the source VCR is 
playing, the Power/Lock LED on 
the genlock should be green. In- 
creasing the sliders on the gen- 
lock should superimpose the 
computer's video over the source 
tape's video. 

Take plenty of time to get ac- 
quainted with the equipment 
and software before attempting a 
real serious project. The more 
time you spend playing with the 
system, the better your edited 
videos will be. 



Graphics 

One thing you '11 have to consid- 
er is whether to use interlace. 
Basically, in an interlaced sys- 
tem, alternate scan lines of a vid- 
eo image are displayed in 
alternate fields. For example, first 
all the even lines might be dis- 
played, then all the odd lines. 
Each field is displayed in '/soth of 
a second; two fields together 
comprise a frame, or a complete 
image. 

On a TV set, an interlaced im- 
age yields smooth-looking pic- 
tures. However, the Amiga's video 
output flickers in interlace mode, 
so when the signals are mixed, 
the resultant video will flicker, 
both on the computer monitor 
and on a television set. 

With the equipment described 
in this article, you can operate 
the Amiga in non-interlaced 
mode; the tradeoff is that com- 
puter-generated image have 
lower resolution. However, the 
image will be flicker-free. 

Be aware that if you use a dif- 
ferent editing system, you may 
have to use interlace mode. In 
addition, the programs that al- 
low software control of the Super- 
gen genlock's sliders require 
graphics to be interlaced. How- 
ever, you can still fade the gen- 
lock in and out by hand in non- 
interlaced mode to obtain a sta- 
ble image. 

Synchronizing edits 

Even if you use interlace, you 
only get software control of the 
video portion of the system; you 
must control the computer's vid- 
eo manually. Doing so takes prac- 
tice; you don't want a long pause 
before your graphics begin, nor 
do you want to miss the first im- 
age in a slide show. Here are some 
ideas for synchronizing things. 

For example, the destination 
VCR begins recording when its 
counter starts moving. This is a 
useful indication of when to start 
your graphics fade-in. A static 
image, such as a superimposed 
spider sitting beside Miss Muffet, 
is simple: genlock the graphic 
onto the video and set the Pan- 
asonic to edit as usual. 

If you want to fade in a title at 
the end of an edit, add extra time 
to your outset point. Add extra 



time to your inset point for a title 
or graphic to appear at the begin- 
ning of an edit. You'll have to try it 
a few times, watching the coun- 
ter, to get it right. 

A slide show of multiple graph- 
ics screens and transitions can 
be timed almost as easily as a sin- 
gle graphic. Video SEG has op- 
tions to Load Buffer and Pause. 
When Load Buffer is used, the 
Amiga accesses its disk only at 
the beginning of the script — be- 
fore any graphics appear. With 
Pause, the show waits for you to 
click the mouse button before 
displaying the next image. Using 
those techniques can help you 
create smooth presentations. 

With SEG you create script files 
that contain information on 
which images are displayed, 
their order, and for how long. The 
latter capability allows you to de- 
fine automatic edit points; it's 
useful for dissolving a slide show 
into video. Just be sure to allow 
enough time for SEG to finish its 
presentation when setting the 
source inset point. 

Not only must you manipulate 
computer graphics manually, 
you must also manipulate the 
effects switcher manually. Again, 
allow extra time at the inset and/ 
or outset for fades. Use a stop- 
watch to time the fades for ad- 
justment of the edit points. 

Here's a technique to trick the 
Panasonic controller into giving 
you precise timing for inserting 
video from the camera. Put a tape 
in the source VCR and set an in- 
set point. (The tape can contain 
anything as long as it has a con- 
trol track.) Set the inset and out- 
set points on the destination 
VCR, depending on where you 
want the camera video to be re- 
corded. Now, select input B on 
the effects switcher. When the 
controller makes the insert, it 
will insert camera video instead 
of video from the source tape. 

Production techniques 

To tape a live event, find out 
what the participants are going 
to do and how they'll be situated. 
Arrive early to set up your equip- s 
ment, make sure that you have x 
sufficient lighting, and don't for- § 
get the sound. A zoom micro- g 
continued on page 103 g 



97 




o 

z 
o 

CE 
H 
O 
LU 
_l 
UJ 

O 
Q 
< 




INSIDE 
INTEL'S 
80386 



ifefffi 



The 386'$ buses, bus timing, and peripheral devices. 

JIM KARDACH AND NEAL MARGUUS, INTEL CORP, 



From a hardware perspective, 
designing with the 386 is a 
little different than designing 
with the 376 and the 386SX. The 
386 has 32-bit address and data 
buses: it also features bus-sizing 
{forcing a single 32-bit data cycle 
into two 16-bit data cycles) on a 
cycle-by-cycle basis. By contrast, 
the 386SX has a 24-bit address 
bus and a 1 6-bit data bus, as does 
the 376. All three support 
pipelining on a per-cycle basis: 
however, the 386 cannot operate 
in a pipelined mode when using 
bus-sizing. 

All three processors use the 
same bus-control signals. That 
allows properly designed pe- 
ripheral interfaces for one pro- 
cessor to be used with the others. 
In addition, the bus timings of 
the 376 and the 386SX are iden- 
tical, so a system designed using 
a 376 can also use the 386SX. 

Off the bus 

The 386 has three separate 
buses: the address bus, the data 
bus, and the control bus. The ad- 
dress bus is used to select a de- 
vice to transmit or receive data. 
The data bus is used to transfer 
data from the device to the CPU 
or from the CPU to the device. 
The control bus consists of all the 
control signals that indicate 
when a bus cycle starts, when it 
ends, and in which direction 
data will travel. 



The 386s data bus consists of 
32 floatable bi-directional sig- 
nals, which are known as 
D31-D0. The least significant bit 
(LSB) of the data bus is DO, and 
the most significant bit (MSB) of 
the data bus is D31. 

The address bus of the 386 
consists of 34 floatable output 
signals: A31-A2 and 5E3-EEo. The 
address signals indicate which 
four-byte double word in the four- 
gigabyte address range is being 
addressed. The four byte-enable 
signals (beS-beo) indicate which 
eight-bit group (or groups) data 
is being transferred on. The cor- 
respondence between byte-en- 
able signals and the data bus is 
shown in Table 1. 

The control bus consists of 10 
signals, as shown in Table 2. Four 
of the control-bus signals are ad- 
ditionally defined as bus-defini- 
tion signals that indicate to an 
external device what type of bus 
cycle the microprocessor is ex- 
ecuting. The microprocessor can 
execute eight different types of 
bus cycles, as shown in Table 3. 



TABLE 1- 


-BYTE-ENABLE 


SIGNALS 


Signal 


Data lines 


BE3 


D31-D24 


BE2 


D23-D16 


BE1 


D15-D8 


BEO 


D7-D0 



Clock and reset 

The 386 is driven by an exter- 
nal double-frequency clock (clk2) 
that the microprocessor divides 
by two and phase-synchronizes 
to its internal clock, pclk. Each 
pclk period is referred to as a T- 
state. The low portion Is called 
Phase 1 ; the high portion is called 
Phase 2. 

As shown in Fig. 1 , pclk is syn- 
chronized to the falling edge of 
the reset signal. Note that setup 
and hold times, t25 and t26, 
must be met in order to guaran- 
tee the phase relation of the inter- 
nal processor clock to the falling 
edge of the reset signal. 

The processor's clk2 input has 
certain characteristics that must 
be met in order to guarantee 
proper operation. Those charac- 
teristics are summarized in Table 
4. In addition to meeting those 
timing constraints, the clock os- 
cillator should also be able to 
drive 120 pF. 

To synchronize external cir- 
cuitry to the internal processor 
clock (pclk). an external pclk 
signal should also be generated. 
pclk runs at half the frequency of 
clk2 and is phase synchronized to 
the internal processor clock dur- 
ing the falling edge of reset, as 
shown in Fig, 1. 

Figure 2 shows a synchronous 
circuit that can generate reset 
and phase-synchronize the inter- 
nal and external clocks. Note that 
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TABLE 2—386 CONTROL SIGNALS 



Sym bol 

W/R 



D/C 



M/IO 



LOCK 






ADS 



NA 



Name and Function 

Write/Read is a bus cycle definition signal that distinguishes write 
cycles from read cycles. 

Data/Control is a bus cycle definition signal that distinguishes data 
cycles, either memory or I/O, from control cycles which are: inter- 
rupt acknowledge, halt, and instruction fetching. 

Memory/IO is a bus cycle definition signal that distinguishes mem- 
ory cycles from input/output cycles. 

Bus Lock is a bus cycle definition signal that indicates that other 
system bus masters are denied access to the system bus while it is 
active. 

Addre ss Status indicates that a va lid bus cycle definition and ad- 
dress {W/R, D/C, M/IO, BHE, BLE and A23-A1 ) are being driven at 
the processor pins. 

Next Address is used to request address pipelining. 



BS16 Bus Size 1 6 is used to request a 1 6-bit bus cycle. 

READY Bus Ready terminates the bus cycle. 

HOLD Bus Hold Request input allows another bus master to request 

control of the local bus, 

HLDA Bus Hoid Acknowledge output indicates that the processor surren- 

dered control of its local bus to another bus master. 



M/IO 


TAB 
D/C 


LE 3— BUS 
W/R 


CYCLE D 


EFINiTIONS 
Bus Cycle Type 


LOCK 














Interrupt Ack. 





1 





1 


I/O read cycle 





1 


1 


1 


I/O write cycle 


1 








1 


Memory code read 


1 





1 


1 


Halt or Shutdown 


1 


1 





X 


Memory data read 


1 


1 


1 


X 


Memory data write 




Fig. I, PCLK IS SYNCHRONIZED to the falling edge of the reset signal. 



that circuit generates a clock sig- 
nal even while reset is high; 
doing so allows devices that re- 
quire an active clock during reset 
to initialize properly. 

reset is used to place the pro- 
cessor in a known state. When 
the processor detects a low- to- 
high transition on reset, it termi- 



nates all activities. When reset 
goes low again, the processor is 
initialized to a known state and 
begins fetching instructions 
from the reset address, 
OFFFFFFFO (i.e., 16 bytes below 
the top of physical memory). 

The reset input of the pro- 
cessor must remain high for at 



least 15 clk2 periods in order to 
ensure proper initialization of 
the processor. 

Bus cycles 

The 386 has a feature called 
pipelining; pipelining allows bus 
cycles to overlap, thereby allow- 
ing the processor to start one cy- 
cle before it has completed the 
previous one. The 386 operates 
differently depending on whether 
pipelining is being used or not; 
let's discuss non-pipelined bus 
cycles first. 

Each bus cycle comprises at 
least two bus states, Tl and T2. 
Each bus state in turn consists of 
two CLK2 cycles, which can be 
thought of as Phase 1 and Phase 
2 of the bus state. Figure 3 shows 
bus states for typical read and 
write cycles. During Tl, the ad- 
dress and control buses are as- 
serted. During T2, external 
devices respond. 

If the processor's ready input is 
low at the end of T2, the bus cycle 
terminates (cycle 1). But if ready 
is high, the bus cycle continues 
for an additional T2 state (cycle 
2), called a wait state. Wait states 
are added in that manner until 

READY goes lOW. 

When no bus cycles are needed 
(i.e., no bus requests are pend- 
ing), the microprocessor remains 
in the idle state, Ti. 

Pipelined bus cycles 

The na (next address) input of 
the 386 controls pipelining, na is 
generated by logic in the system 
to indicate that the address and 
status bus are no longer needed 
by the system. If the system is 
designed so that na goes active 
before the end of the cycle, 
pipelining may occur. Of course, 
a bus cycle must be pending for a 
pipelined cycle to occur. 

During any particular bus cy- 
cle, na is not sampled until the 
address and status lines have 
been valid for one T-state. na is 
sampled at the rising clk2 edge 
before Phase 2. When na is active, 
one of two states occur: 1 — If a 
bus cycle is pending, the address 
bus, byte enables, and bus-sta- 
tus signals for the next bus cycle 
are output and the processor en- 
ters a T2P state. T2P states are 
repeated until the bus cycle is 
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TABLE 4— CLK2 CHARACTERISTICS 




Parameter 


Min 


Max 


Unit 




Operating Frequency 


4 


16 


MHz 


t1 


CLK2 Period 


31 


125 


ns 


t2a 


CLK2 High time 


9 




ns 


t2b 


CLK2 High time 


5 




ns 


t3a 


CLK2 Low time 


9 




ns 


13b 


CLK2 Low time 


7 




ns 


14 


CLK2 Fail time 




8 


ns 


15 


CLK2 Rise time 




8 


ns 




Fig. 2. SYNCHRONIZED RESET/CLOCK circuit Is shown here. It can be implemented 
with discrete logic or a PLD. 



Whether read or write, the sec- 
ond half of the transfer takes 
place on the lower word of the 
data bus. 

Tracking bus cycles 

The Bus Cycle Tracker (BCT) is 
a state machine that tracks the 
386 bus and provides useful in- 
formation to other circuits or 
state machines. Using the BCT 
simplifies the design of syn- 
chronous control logic to inter- 
face to other devices. 

The bus is capable of executing 
different types of bus timings. In 
order to determine where the first 
bus state in a bus cycle occurs, 
it's necessary to know whether 
the previous bus cycle was 
pipelined. The BCT provides that 
historical information. 

Any type of system that has at 
least one pipelined device in it 
will require a BCT. Because the 
processor pipelines the next bus 
cycle's address and status infor- 
mation, which can be to a second 
device, that device must be able 
to recognize when its bus cycle 
starts. 

The 82380 

The 82380 is a multi-function 
support peripheral that Inte- 
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complete. 2 — If a bus cycle is not 
pending, the address bus and 
byte enables enter an unknown 
state, the bus-status signals go 
inactive, and the processor's bus 
unit enters a T2i state. If the bus 
cycle is not terminated, then the 
next state will either be a T2P 
state or another T2i state, de- 
pending on whether a bus cycle is 
now pending. 

Bus sizing 

Interfacing to a 16-bit bus is a 
major difficulty for many 32-bit 
microprocessors. The 386 pro- 
vides on-chip support for con- 
necting to either 16- or 32-bit 
peripheral devices through dy- 
namic data-bus sizing. 

Normally, the bus operates in a 
32-bit mode: a four-byte transfer 
occurs in a single bus cycle with 
data passing on data lines 
D31-D0. However, before the end 
of any bus cycle, 32-bit operation 
can be forced by asserting HsTe. 
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F&. 3. BUS STATES for typical read and write cycles are shown here. 



Doing so can have a number of 
effects, depending on what kind 
of bus cycle is occurring. If the 
bus cycle was a 32-bit write, a 
second bus cycle will be created to 
write out the upper word of data. 
If the bus cycle was a 32 -bit read, 
a second bus cycle will be created 
to read in the upper word of data. 



grates system functions neces- 
sary for most embedded systems. 
The 82380 was specifically de- 
signed to work with the 80386 
microprocessor. It contains eight 
32-bit DMA channels, interrupt 
control, timers, wait-state gener- 
ation, DRAM-refresh control, 
and system-reset logic. 
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With all that, however, the IC 
requires little or no TTL "glue" 
logic. It has the same AC timings 
as the 386, and may be con- 
nected directly to the address and 
data buses. 

The 82380's DMA controller 
supports eight DMA channels, 
each capable of transfer rates as 
high as 16 megabytes per second 
in a 16-MHz system. Each chan- 
nel can transfer data between de- 
vices of different data-path wid- 
ths, and each can operate 
independently in any of several 
modes. 

The 82380 also contains four 
16-bit programmable interval 
timers. Those timers are identi- 
cal to the timers in the 82C54 
programmable interval timer. All 
four timers share a common 
clock input; each has a separate 
output pin. 

Timer 1 has a dual-purpose 
output that can be programmed 
to generate normal 82C54 timer 
outputs, or to generate a refresh 
signal for DRAM subsystems. 
Timers 2, 3 and 4 have outputs 
that are internally connected to 
interrupt request lines. Each 
timer is capable of operating in 
one of six different modes. In 
each mode, the current count 
can be latched and read by the 
processor at any time. 

The 82380 also has the equiv- 
alent of three enhanced 82C59A 
programmable interrupt control- 
lers. Fifteen external interrupt 
request inputs are provided for 
the user, all of which can be out- 
puts from external slave inter- 
rupt controllers. Cascading 
8259A's to those inputs allows a 
maximum of 120 external inter- 
rupt requests. Interrupt- request 
lines internal to the 82380 allow 
the generation of interrupts in a 
variety of ways including: timer- 
generated interrupts, DMA 
chaining-request interrupts, 
and there's also DMA terminal- 
count interrupts. 

The wait-state generator is a 
programmable ready generation 
circuit for the processor bus. An 
external device can request the 
82380 to generate a predeter- 
mined number of wait states. 
Seven different wait-state counts 
can be programmed into the 
wait-state generator by software: 



three for memory accesses, three 
for I/O accesses, and one for re- 
fresh cycles. The wait state gener- 
ator can be disabled. 

The 82380's DRAM-refresh 
controller consists of a 24-bit re- 
fresh-address counter and bus- 
arbitration logic. When the con- 
troller is activated by Timer 1, it 
requests access to the system bus 
through the hold signal. When 
bus control is granted by the pro- 
cessor or current bus master, the 
refresh controller executes a 
memory- read cycle at the address 
currently in the refresh address 
register. 

The 80387 math coprocessor 

The 387 provides floating- 
point support that adheres to the 
ANSI/IEEE floating-point stan- 
dard. The 387 provides eight 80- 
bit numeric registers, and more 
than 70 instructions (including 
sine, cosine, tangent, 
arctangent, and logarithm). The 
387 supports seven data types: 
32-bit short real, 64-bit long real, 
80-bit extended real, 16-bit word 
integer, 32-bit short integer, 64- 
bit long integer and 18-digit 
packed BCD integer. 

The 387 holds all numbers in 
extended real format internally. 
LOAD instructions automatically 
convert operands represented in 
memory as 16-, 32-, or 64-bit in- 
tegers (or 18-digit packed BCD 
numbers) into extended-real for- 
mat, STORE instructions auto- 
matically perform the reverse 
conversion. Those capabilities 
allow numerically oriented ap- 
plications to view data in the 
most appropriate format without 
concern for type conversions. 

The 387 also contains a pro- 
gram-accessible control word 
that allows specification of 
rounding (round to nearest, 
round down, round up and 
chop), precision control, and 
handling of other special situa- 
tions, all according to the IEEE 
754 standard. 

The only external hardware 
that is needed to connect the 387 
to the 386 is an and gate that com- 
bines the system's ready signal 
with the 387s readyo signal. The 
386 talks to the 387 through I/O 
cycles, and it also provides an au- 
tomatic chip-select. That is done 



by driving its most-significant 
address pin (A31 ) high during ac- 
cess. 

The 82385 cache controller 

The main function of a cache 
memory system is to provide fast 
local storage for frequently ac- 
cessed code and data. The 82385 
cache controller allows the micro- 
processor to run at full potential 
by reducing the average number 
of CPU wait states to nearly zero. 

It does so by intercepting 386 
memory references to see 
whether the required data re- 
sides in the cache. If the data 
does reside in the cache (a hit), it 
is returned to the microprocessor 
without incurring wait states. 
On the other hand, if the data 
does not reside in the cache (a 
miss), data is retrieved from 
main memory. An efficient cache 
yields a high hit rate (the ratio of 
cache hits to total memory ac- 
cesses), so that the majority of 
memory accesses are serviced 
with zero wait states. 

The 82385 integrates a cache 
directory and all cache manage- 
ment logic required to support an 
external 32K-byte cache. The 
structure of the cache directory is 
such that the entire physical ad- 
dress range of the 386 (4 gi- 
gabytes) is mapped into the 
cache. Provision is made to allow 
areas of memory to be set aside as 
non-cacheable. Physically, the 
82385 ties directly to the micro- 
processor's bus with little exter- 
nal logic. Also, the 82385 has a 
dual- bus architecture that allows 
other masters to access system 
resources while the 386 operates 
locally from the cache. 

Conclusions 

In this series of articles, we 
have tried to outline some of the 
important design and opera- 
tional features of the 80386 fam- 
ily. Unfortunately, in the brief 
space allotted us, we have only 
been able to examine a few of the 
many facets of the 386 family. 
However, we hope that your ap- 
petite has been whetted, and that 
you'll continue your research. 
Part 1 of this article (January 
1989) contains a list of books 
that you can consult for further 
information, K*H 
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TV, RADIO 
COMMUNICATIONS 




4 u BP91— INTRO TO RA- 
DIO DXING SS.50. Ev- 
erything you need to know 
about radio DXing and how 
you can gel into this fas- 
cinating hobby area. 



i BP155—INTL RADIO 

STATIONS GUIDE 

$6.95. New edilion lists sta- 
tion site, cou ntry. fraq ue ncy. 
ERP provides lor Ihou- 
sands of short wave radio 
stations. Nine seclions 
cover a variety of broadcast 
Services. 





•4 □ BP105— ANTENNA 
PROJECTS S5.50. 

Practical anienna designs 
including active, loop, and 

ferrite types that are simple 
and inexpensive to build, 
yet perform well. Also in- 
cluded are antenna ac- 
cessories. 



► Acrimlft 



.... S5.S0. Shows how to 
build 25 antennas starting 
with a simple dipole and 
working on up to beam, tri- 
angle and even a mini rho- 
mbic. 
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□ BP132— 25 SHORT- 
WAVE BROADCAST AN- 
TENNAS . . . $5.50. Good 
antennas can be inexpen- 
sive. Here's 25 dillerenl 
ones ranging from a simple 
dipole, through helical de- 
signs to a multi-band um- 
brella. 



PI BP136— 25 INDOOR 
AND WINDOW ANTEN- 
NAS. . . . $5.50. II you 
can't pul up a conventional 

antenna because of where 
you live, one of these 25 de- 
signs is likely to solve your 
problem and deliver great 
reception. 




MAIL TO: Electronic Techno logy Today Inc. 

P.O. Box 240 

Massaoequa Park, NY 11762-0240 

SHIPPING CHARGES IN USA AND CANADA 



S0.C1toS5.00 . 
S5.01 to 10.00 .. 
S10.01 to S20.00 
520.01 to $30.00 



$1.25 
12.00 
$3.00 
$4.00 



$30.01 to S40.00 $5.00 
$40.01 to 590.00 .$6.00 
$50.01 and above . $7.50 



SORRY, Mo orders accepted outside of USA and 
Canada 



Total price of merchandise. 

Shipping (see char!) 

Subtotal 

Sales Tax (NTS only)..... 

Total Enclosed 
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PC and PS/2 video 
systems 



Information on IBM video sys- 
tems has been hard to come 
by; in fact, IBM's Technical Refer- 
ence manuals have been just 
about the only detailed source. 
With Richard Wilton's Program- 
mer's Guide to PC and PS/2 Vid- 
eo Systems, however, that has 
changed. 

That book is a compendium of 
hardware and software details of 
all major IBM video adapters, in- 
cluding MDA, C/GA, MCGA. 
EGA, and VGA, as well as the Her- 
cules Graphics Card, Hercules 
Graphics Card Plus, and the Her- 
cules In Color Card. 

After a brief overview of the ma- 
jor standards, .the book jumps 
into a discussion of display re- 
fresh, horizontal and vertical 
timing, and then moves into pro- 
gramming the CRT controllers of 
the various systems. The book is 
laced with example programs in 
C and assembler; the source code 
is available separately on disk 
from Microsoft Press. 

Later chapters are devoted to 
alphanumeric and graphics pro- 
gramming, and discuss informa- 
tion about low-level bit twiddling, 
as well as advanced topics like 
drawing circles and ellipses, area 
filling, displaying text in graph- 
ics mode, and even an introduc- 
tion to animation techniques. 

You won't find any schematic 
diagrams in the book; even so, 
you can learn a great deal about 
how the hardware works, and 
about how to program it for plea- 
sure and profit. The book in- 
cludes much hard-to-come-by 
information that formerly was 
available only from the program- 
ming "underground. " 

If you're seriously interested in 
IBM video systems, you won't 
find a better place to start. 



Old, New, Everything 
Blue 



Here is a book begging for Hy- 
pertext. In fact, there is so 
much information that the big- 
gest problem is finding it. In 500 
large-format (8.5- x 11-inch) 
pages it attempts to document 
everything about the IBM PC 
family. There are connector pi- 
nouts (for serial, parallel, key- 
board, disk, mouse, bus and 
power-supply connectors, among 
others), BIOS-interrupt sum- 
maries, DOS-command sum- 
maries, ASCII character-set ta- 
bles, number-conversion charts, 
listings of Windows data-file for- 
mats and low-level programming 
functions, Mouse and EMS func- 
tion summaries, IC pinouts... 

The Pmgrammer's PC Source- 
book is a big book, but it could 
replace half a dozen or more refer- 
ence guides from IBM and other 
sources. Even better would be a 
Hypertext version on CD-ROM 
with illustrations. That would 
make it a version of Bookshelf for 
the technically oriented. |CD| 



PRODUCTS REVIEWED 

• Smart Data Meter ($399), IQ Tech- 
nologies, 11811 N.E. First Street, 
Suite 201 , Bellevue, WA 98005. (800) 
227-2817 or (206) 451-0232. 

CIRCLE 15 ON FREE INFO CARD 

• Laserdek 1000 ($895), Arndek, 
1901 Zanker Road, San Jose, CA 
95112.(408)436-8570. 

CIRCLE 16 ON FREE INFO CARD 

• Designer ($695), Micrografx, 1820 
N. Greenville Ave., Richardson, TX 
75081. (800) 272-3729 or (214) 
234-1769. 

CIRCLE 17 ON FREE INFO CARD 

• Programmer's Guide to PC and 
PS/2 Video Systems ($24.95), 
Richard Wilton, 1987. The Program- 
mer's PC Sourcebook ($24.95), 
Thorn Hogan, 1988. Microsoft Press, 
Microsoft Corp., 16011 NE 36th Way, 
Box 97017, Redmond, WA 
98073-9717, (206) 882-8080. 

CIRCLE 18 ON FREE INFO CARD 

• Turbo Pascal 5.0 ($150), Turbo C 
2.0 ($150), Turbo Assembler & De- 
bugger ($150), Borland International, 
1800 Green Hills Road, Scotts Valley, 
CA 95066. (408) 438-8400. 

CIRCLE 19 ON FREE INFO CARD 
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R-E Computer Admart 



SECRETS OF THE 
COMMODORE 64 

Secret* erf (h* 

BP135 — A beginners guide 
to the Commodore 64 pre- 
sents masses of useful data 
and programming tips, as 
well as describing how to 
get the best from the 
powerful sound and graph- 
ics facilities. We look at how the memory is 
organized, random numbers and ways of 
generating them, graphics-color-and sim- 
ple animation, and even a chapter on ma- 
chine code. Get your copy today. Send 
$5.00 plus $1.25 for shipping in the U.S. 
to Electronic Techology Today Inc., P.O. 
Box 240, Massapequa Park, NY 
11762-0240. 



Rates: Ads are 2'A" x 2W. One insertion SMB. Six insertions $875. each. Twelve 
insertions $845. each. Closing date same as regular rate card. Send order with 
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County 
Blvd., Farmingdaie, NY 11735. Direct telephone inquiries to Arline Fishman, area 
code-516-293-3000. Only 100% Computer ads are accepted for this Admart. ' 



A PRACTICAL 
INTRODUCTION TO 
MICROPROCESSORS 



A Practical 
rnlroduc lion to 
H > c ruproc t lion 



BP123 — Introduces mi- 
croprocessors by having 
the reader construct a 
very simple micro- 
processor circuit that he 
can experiment with and 
thus hopefully gain a 
clear insight into this 
complex subject. The 
completed unit is only 
intended as an education aid, but can be 
built inexpensively and many of the parts 
can be reused for other applications later. 
Get your copy for $5.00 plus $1.25 for 
shipping in the U.S. from Electronic Tech- 
nology Today Inc., P.O. Box 240, Massape- 
qua Park, NY 11762-0240. 
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AMIGA VIDEO 



continuedfrom page 97 



phone captures sound without 
encumbering the participants. 

For a family event, such as a 
picnic or birthday party, make a 
list of the shots you want to cap- 
ture. However, always be ready 
for the unexpected. Before the 
event, take shots of the sur- 
roundings and of people arriv- 
ing. You can mix those with 
music and titles as an introduc- 
tion to your video. Interesting 
backdrops for tides can be cre- 
ated from closeups of running 
water, textured surfaces, etc. 

While shooting an event, don't 
be afraid to move in for closeups. 
On the other hand, don't zoom in 
and out constantly; that will 
make editing difficult. Try to get 
more than one camera angle. 
Vary long shots (a whole person 
or group), medium shots (a per- 
son from the waist up or part of a 
group), and closeups. 

Don't fall into the trap of at- 
tempting to fix bad video in the 
editing room. If you have poor 
footage, the best post-production 
editing won't save it. If you want 



something to appear in your vid- 
eo, make sure that you get it on 
film the way you want it. You may 
also want to read up on directing; 
try How to Shoot a Movie and 
Video Story by Arthur L. Gaskill 
and David A. Englander (Morgan 
& Morgan, Inc., Publishers, 145 
Palisade Street, Dobbs Ferry, NY 
10522); it's available in camera 
stores. 

When you're editing, re- 
member the KISS principal: Keep 
ft Short and Simple. Don't bore 
your audience with long pas- 
sages of conversation. Video is 
action oriented. Present the in- 
teresting and leave the unin- 
teresting out. Otherwise, why 
bother editing? 

Before beginning post-produc- 
tion work, we always make up a 
Video/Audio sheet to plan titles, 
graphics, and music to go with 
the video. Draw a line down the 
middle of a sheet of paper. On the 
top-left line, write. Video. On the 
top-right line, write Audio. Then, 
to keep track of everything, write 
in the video and audio you plan to 
use for each scene. 

If you've always wanted to be a 
movie director, how about mak- 
ing an original short? First, 



you 11 need to write a script. The 
script should have a story line, 
and should also plan for camera 
angles, closeups, audio effects, 
etc. 

Be forewarned, however, that a 
short (10 minutes or so) takes a 
long time to produce. You must 
locate scenes, props, and actors. 
You must write a story that will 
translate to a visual medium. 
After you're done shooting, you'll 
probably spend one or two hours 
in production for every minute of 
finished video. 

Another time-consuming yet 
rewarding endeavor is transfer- 
ring still photographs onto video- 
tape. Stills can be presented 
alone or with other video. Attach- 
ing closeup filters to the video 
camera will allow you to add life 
to these static shots with pans 
and zooms. 

System enhancements 

We used a three-input audio 
mixer, but a four-input unit 
would also allow us to combine 
the Amiga's digital sound output. s 
An audio equalizer can boost a J 
weak soundtrack. Video-effects 2 
generators can add a host of in- £ 
teresting effects too.$CD| S 
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DRAWING BOARD 



continued from page 94 



it's often the only way you can rep- 
resent the character at all. 

Once the letters are designed, 
you have to translate them into bit 
patterns for the EPROM, and here 
is where we have to make the first 
of several decisions. If you plan on 
driving common-cathode dis- 
plays, a "1" will represent a lit seg- 
ment and a "0" will represent a 
blank. A common-anode driver 
will be exactly the opposite. 

One nice thing about having so 
much room in a 2716 is that you can 
have both drivers in the same chip. 
All you have to do is split the chip 
in half by using the high-bit ad- 
dress line as a toggle and then 
burning mirror images of the bytes 
in each half of the EPROM. You can 
take that idea a step further by hav- 
ing several character sets in each 
EPROM and using the appropriate 
address lines to select the one you 
want. 

Before we get into that however, 
let's continue with the overall de- 
sign of the character generator. 

Now that we know what the let- 
ters are going to look like, we have 
to work out the pin assignments 
for the EPROM and the display. 
That isn't hard to do but we're 
dealing with so many variables that 
it's a good idea to be systematic. 
Figure 2 shows the top half of a 
form that's handy for you to redraw 
neatly (make it as long as you 
need) and photocopy. It makes the 
process of assigning pins, translat- 
ing characters into bit patterns, 
and getting the needed bytes as 
painless as possible. 

For no reason other than a firm 

belief in symmetry and order, I've 

assigned the EPROM output lines 

to the display segments in a logical 

order. If you're planning on using 

this character generator on a 

hand-wired board, it really doesn't 

make any difference how the pins 

are assigned, but if you'll be doing 

w it frequently, it's much better to 

g establish some sort of standard for 

g yourself. 

£ Everyday life forces you to keep 
"J enough stuff permanently burned 
^ in your brain, so it's helpful to 
5 make as many things as possible 
2 adhere to a standard. Just about 



the only reason I can think of to 
alter a set of pin assignments is to 
simplify a PC-board layout and 
even that shouldn't be a trivial de- 
cision since there are enormous 
advantages in paying attention to 
the order the manufacturer lists 
for EPROM address and output 
lines. 
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FIG. 3 

While it's true that an EPROM is a 
random-access memory, there is a 
conventional way of ordering the 
pins. The drawing in Fig. 3 shows 
you the industry-accepted stan- 
dard for the pinouts of a 2716. The 
IC will work perfectly well if you 
decide, for whatever reason, that 
you want to use A5 as A0, A9 as A3, 
and treat D3 as D6. The price you'll 
pay for convenience in a board 
layout is an increase in brain 
damage when you buy a program- 
mer. Remember that an EPROM 
programmer knows what the stan- 
dard EPROM pin assignments are 
and it assumes that you're going to 
follow them. 

That isn't such a big deal when 
you're working on the design of a 
character generator because the 
bytes being programmed are only 
bit patterns and not code. But if 
you want to use EPROM's for pro- 
grams, it's extremely important to 
follow the industry conventions 
because a burner will treat A0 as 
the low-order bit, A10, as the high 
order bit, and will order the out- 
put pins according to the standard 
as well. 

The hex digits "0" through "F" 
have standard binary values, but 
things get somewhat vague when 
you start talking about the rest of 



the alphabet. The only widely ac- 
cepted standard for alphabetic 
characters is their ASCI I code; but 
using that means that there will be 
lots of holes in your code. Since 
we want to make the character 
generator as useful as possible, it 
makes sense to treat the hex digits 
differently than the alphabetic 
characters. That means we'll list 
them twice and use an indicator to 
distinguish between the display of 
a hex digit and an alphabetic 
character. 

And, as we've seen, the decimal 
point is a perfect choice. 

The last character we should de- 
fine is needed for those times 
when an illegal value is being sent 
to the display. Remember that 
there's a difference between a 
blank display and the display of an 
illegal character. We can use the 
"A" or "D" segment for that. We 
can use the "G" segment as well, 
but it would be nice to reserve that 
for the display of a dash. 

What we're really talking about 
doing now is expanding our origi- 
nal idea from a simple hex display 
driver to a much more useful prod- 
uct. Rather than limiting the 
character generator to hex digits, 
it makes a lot more sense (and 
doesn't take a lot more work) to 
create a display driver that can pro- 
duce more meaningful displays 
for many applications. 

When we get together next 
month, we'll lay out the bit pat- 
tern, blow the EPROM, and then 
see what sort of handy dandy stuff 
we can do with it. And don't forget 
about the contest. Some early en- 
tries are drifting in and you've only 
got a month left to stick in your 
two cents. R-E 




"He mis so surprised that the computer he 
built actually worked that he keeled over!" 
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MARKET CENTER 



FOR SALE 



TUBES, new, unused. Send self-addressed, stamp- 
ed envelope for list. FALA ELECTRONICS, Box 
1376-2, Milwaukee, Wl 53201 

PHOTOFACT folders, under #1400 $4.00. Others 
$6.00. Postpaid. LOEB, 414 Chestnut Lane. East 
Meadow, NY 11554. 

TUBES. "Oldest," "latest." Parts and schematics. 
SASE for list. STEINHETZ, 7519 Maplewcod Ave.. 
RE.. Hammond, IN 46324. 

GREAT buys! Surplus prices, ICs, linears, transfor- 
mers, PS, stepping motors, vacuum pump, pho- 
totransistor, meters, Isase, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

TWO-WAY-RADIO, PC COMPUTERS, UNIDEN 
SERVICE. General Radiotelephone licensed tech- 
nician. Catalog-RAYS, 2025 Molirie. Ft. Worth, TX 
76117. (817) 831-7717. 

RESTRICTED technical information: Electronic 
surveillance, schematics, locksmith ing, covert sci- 
ences, hacking^ etc. Huge selection. Free bro- 
chures. MENTOR-Z, Drawer 1549, Asbury Park, NJ 
07712. 

FAIR Pricing 1 (313) 979-8356. Lots 5 and 10; 65 SB 
55; 65 MLD 1200 55; 85 TnBi 75; 90 SA 80; 105 
SSAVi 95; 295 Pioneer 275; 180 Z-Tac 170; 180 
Tocom 170; 18 Filters Any Channel 15; No Michigan 
Sales. 



FREE CATALOG 



FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 

FOR THE SERIOUS CB'er. SINCE 1962 



FIRESTIK ANTENNA COMPANY 

2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 



DESCRAMBLERS. All brands. Special combo Jer- 
rold 400 and S83 $165. Complete cable de- 
scrambler kit $39. Complete satellite descrambler 
kit $45.00. Free catalog. MJM INDUSTRY, Box 531, 
Bronx, NY 10461-0531. 

TRS-80 color computer software. Low prices! Huge 
selection! Free catalog. T&D, P.O Box 1256, Hol- 
I and, Ml 49422. 

SOLAR electric systems. Discount prices. SUN 
POWER-TEXAS, Dept. 01C, P.O.B. 27S8A, Free- 
port, TX 77541. 1 (409) 233-S350. 

BANDSTOP Filters- Re move interfering signals on 
Cable T.V. Channels 2, 3, 4, 14, 15, 16, 17, 18, 19. 20, 
21 or 22 available. $20 each - Money Back Guaran- 
tee, dB ELECTRONICS, P.O.Box 8644. Pembroke 
Pines, FL 33084. 



Multi-Channel Microwave T.V. Receivers 



1.9-27 GHz Parabolic Dish 40-dBGain 
LIFETIME WARRAHTT 

Complete System $99.95 (Shipping Inci.i 
Replacement Components 
5 Expert Repairs Available 

K fi S ELECTRONICS C i 1 1 now I or s am e 

P.O. BOX 3452! day shipping! 

PHOENIX. U 8506? [B02] E30-064TJ 

VI5A/MC/C0D 12 CREDIT ON PHONE ORDERS 
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CABLE TV DESCRAMBLERS, Jerrold. Scientific 
Atlanta, Zenith, most major brands. Dealer Inquiries 
Welcome. Visa-M/C Accepted. E & O video, 9691 
E. 265th Street, Elko, MN 55020. t (800) 638-6898. 

CABLE TV CONVERTERSDESCRAMBLERS 
Tocom 5503 VIP, PZ-1, Oak Sigma- Free Catalog. 
VIDEO MART 3938 E. Grant #241 -C, Tucson, AZ 
85712. (602) 721-6557. 

T.V. Tunable notch filters. Free Brochure. D.K. VID- 
EO, Box 63/6025, Margate, FL 33063. 1 (305) 
752-9202. 



TUBES, name brands, new, 80% off list. KIP.BY, 
298 West Carmel Drive, Carmel, IN 46032. 

ALUMINUM image transfer process, your artwork to 
aluminum. Write: J & E ENTERPRISES, 2457 N. 
Marmora, Chicago, IL 60639. 

FAIR prices SB-3, Z-TAC, SA3. TRI-BI, 
MLD-1200-3. Pioneer, any notch filters. Small deal- 
er only. No Michigan sales (3I3) 979-8356. 



SINGERS! 

REMOVE VOCALS 
FROM RECORDS AND CDs! 



sHii 



sing With The World's best bands; 

An Unlimited: supply of Backgrounds from standard 
stereo records! Record with your voice or perform live 
with trie backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - hot sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound, Dept. R L-3 ,7980 LT Parkway 
Lithonia, GA 30058 (404)482-4724 

Manufactured and Sold Exclusively by LT Sound 
24 HOUR PHONE DEMO LINE: (40414822485 



OPENING Special. Super Duper Kits. Send $1.00 
U.S.$ for booklet to 3C TECHNOLOGY Box 306, S. 
Lafleche, St. Hubert, Quebec, J4T-3J6. 

HI-TECH Chip kit will read data stream for Z-TAC or 
any SSAVI. Experimenters chip kit = 39.00 with pre 
wired tuner = 49.00, ready to go SSAVI = $149,00, 
ready to go Z-TAC = $249.00 HI-TECH ELEC- 
TRONICS, P. O. BOX 42423, Detroit. Mf 48242. (313) 
722-9381. 

ICs digital and linear, transistors, sockets, leds tor 
sale. Very low prices. No minimum order. For free 
parts list write to: ARLI ELECTRONICS, 1052 
Eilinita Ave., Glendale, CA 91208. 



CB RADIO OWNERS! 



We specialize in a wide variety of technical information, parts and 
services tor CB radios. 10-Meter and FM conversion kits, repair 
books, plans, high-performance accessories. Over 12 years of 
satisfied customers! Catalog $2. 



CBC INTERNATIONAL 

P.O. BOX 31500RE, PHOENIX. AZ 85046 



LASERS, from $40, for brochure write MWK IN- 
DUSTRIES, 9852 W. Katella, Suite 340R, Anaheim, 
CA 92804 or call (714) 956-8497. 

PLAY guitar over any FM stereo! Tunable 9V unit 
Velcros to any electric guitar! 40 ft. range-3" anten- 
na! $29.50 complete. C.P. Hall, 3485 Buchanan 
Road, Cleveland, TN 37311. 

CATV converters & descramblers. Quality Prod- 
ucts. Professional Service. Call 1 (800) 541-5487. 
Visa/MC accepted. MOUNTAINTECH, INC. Box 
5074, Mt. Crested Butte, CO 81225. 

COMMODORE Amiga chips, Diagnostics, parts or 
low cost repairs (eg .$49 .95 + UPS). Catalog and 
dealer pricing available. VISA/MC. KASARA MI- 
CROSYSTEMS, INC., 24 West Street, Spring Val- 
ley, NY 10977. 1 (800) 248-2983 or (914) 362-3131. 



IS it true. .Jeeps for $44 through the government? 
Call for facts! 1 (312) 742-1142, ext. 4673. 

The DECODER. Satellite and Cable Descrambling 
Newletter. News-Schematics- Modifications- Re- 
views. $24.O0/year. Complementary sample. 
TELECODE, Box 6426, Yuma, AZ 85366-6426. 

LOW prices capacitors. ICs, transistors, switches. 
Special 27128-25 $3 25. Flyer SASE. SANTECH 
ELECTRONICS 11 Revere Place, Tappan, NY 
10983.(914)359-1130. 

SENIOR PROM- For all your Eprom needs! Duplica- 
tion, Programming, Supplies. Great Prices! Write for 
details. SENIOR PROM, 11 Manor Ridge Drive, 
Princeton Junction, NJ 08550. 

TOCOMS and more TOCQMS. Outstanding Zenith 
units. Quality cable products at discount prices. 
(714) 974-5688, 

REDUCED 75% Diehl Mark V-Scanner $249. Diehl 
Mark III $99. NEW WEEC 2805 University Ave.. 
Madison, Wl 53705. (608) 233-9741. (608) 
238-4629. 



Quality Microwave TV Antennas 



r 

J Mutti-Channel 1,9 to 2.7 GHz. 4MB Gain 
' I 30-Channel System complete 5149.95 
^^M ?2-Channel System complete SI 04 -95 
I 3- Channel System complete 579.95 

I PtmiiBS-TBCti Electronics 

!«bf P.O. Bex B533 • tCOtttMt, U 85252 

lifetime (602) 947-7700 mgocnilii ■Uptime 

WARRANTY MimrCird ■ Vtl) • CM« (Jiutimv Pi 



RADIO amateur (HAM) education. Learn at home 
or in your car. VHS Video or Audio Cassettes. Easy 
to obtain License. Free information. AMATEUR RA- 
DIO SCHOOL 2350 Rosalia Drive. Fullerton. CA 
92635. 

DESCRAMBLERS Oak, Zenith, Tocom. Jerrold, 
Hamlin, S.A. All at new year wholesale prices. Ex- 
ample 5-lot special - Jerrold 400 W/R $99 ea. MLD 
1200 $45 ea. Call now C.O.D, O.K. S.A.C. (702) 
647-3799. 



CABLE T.V. 
"BOXES" 



Converters— Descramblers 
Remote Controls— Accessories 



* Guaranteed Best Prices * 

* 1 Year Warranty— CO.D.'s * 

* Immediate Shipping * 

* FREE CATALOG * 

Call or Write 
TRANS-WORLD CABLE CO. 

12062 Southwest 1171ti Court, Suite 126 

Miami. Florida 33166 

800 442-9333 



RENTAL MOVIE STABILIZER Connect between 
VCRs or to monitor. Satisfaction Guaranteed. 
$59.95. $4 handling. 1 (800) 367-7907. 

CABLE TV converters and descramblers. 
We sell only the best. Low prices. SB-3 
$79.00. We ship C.O.D. Free catalog. ACE 
PRODUCTS, PO Box 582 Dept. E, Sace, ME 
04072. (287) 967-0726. 

TEST Equipment pre-owned now at affordable 
prices. Signal generators from $50. Oscilloscopes 
from $50, other equipment, including manuals avail- 
able. Send for catalog J.B. ELECTRONICS, 9518 
Grand Ave., Franklin Park, IL 60131 (312) 451-1750. 
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CABLE DESCRAMBLER LIQUIDATION Major 
makes and models available. Industry pricing! (Ex- 
ample; Hamlin Combo's, $44 each... minimum 10 
orders). DEALERS ONLY! Call WEST COAST 
ELECTRONICS (B18) 709-1758. 

FREE power supply, connectors {$8.95 value) 
with TV Project Assortment M03 (February 1984 
G. Sync article) contains PCB TOKO colls! tran- 
sistors (BFO.B5), IC's, diodes, article reprint. 
$25.00. Five.$1 12.50. Assortment #!04, contains 
all other parts $10.00. Shipping S3.00. MC.VISA, 
COD accepted. JIM RHODES, INC. P.O. Box 3421, 
Bristol, TN 37625. 

ENGINEERING software. IBM/compatibles. Com- 
pDes Circuit Design. Basic electricity through circuit 
designs. CompMath— General mathematics 
through statistics. CompView— Digital Analysis, 
waveforms and filters. $49. (614) 491-0832. BSOFT 
SOFTWARE 444 Collon Road, Columbus, OH 
43207. 



REMOTE CONTROL KEYCHAIN 

Complete w/minl-transmitter 
and +5 vdc RF receiver 

Fully assembled Including plans 
to build your own auto alarm 
Quantity discounts available 

<t>-i n nc Check, visa or MIC 
3)1 y.aO 30 days refund 

visiTECTiNC, T415] 872-0133 

PO BOX 5442, SO. SAN FRAN..CA 94080 



PLANS AND KITS 

BUILD this five-digit panel meter and square-wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50, BAG- 
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

"CB Trick of the Trade book" learn CB repair tricks 
and tuning tricks. Send S19.95to MEDICINE MAN, 
CB, P.O. Box 37, Clarksviile, AR 72830. 




FM transmitter 88 to 108 MHZ kit $12.95 SIERRA 
ELECTRONICS, Box 709, Elfers, FL 34660-0709. 

CIRCUIT boards from this and past issues PC- 
Service about half price KLAY-CORP. 106 Mark 
Drive. Syracuse, NY 13209-1808, phone (315) 
635-5862. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for Cable and Subscription TV. 
Instructions, schematics, for SSAVI, paled sync, 
sinewave. Jerrold, Hamlin, Oak, Zenith, Sylvania 
(HBO, Cinemax, Showtime, UHF, adult) $8.95, $2 
postage. CABLETRONICS, Box 30502R, Beth- 
esda, MD 20814. 



fNUTSb VOLTS 
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DETAILED PLANS: $4.95 

TV-SCOPE 

PENN RESEARGH. 
Box 3543 
Williamsport, PA 17701 



An interesting and worth- 
while project. This EASY-TO- 
BUILD circuit lets you use 
any regular TV set as a sim- 
ple OSCILLOSCOPE. Build 
for less than S10.N0 MODI- 
FICATIONS TO TV! Single or 
dual trace. Send for FREE 
CATALOG of other plans and 
kits. 



CATALOG : Hobby,'broadcastlng,HAM/CB: Ca- 
ble TV, transmitters, amplifiers, bugging devices, 
computers, morel PANAX IS, Box 130-F3 Paradise, 
CA 95967. 

MICRO-link FM stereo audio transmitter. One 
chip does it all! Transmit your CD/VCR/Walkman in 
stereo to any FM radio. Free schematic and info. 
Send a self addressed/stamped envelope to: DJ 
INC., 217 E. 85th St., Suite 108, New York, NY 
10028. 

INVESTIGATORS, experimenter's quality new 
plans hard to find. Micro and restricted devices. Free 
catalog. SASE KELLEY SECURITY, INC, Suite 90, 
2531 Sawtelle Blvd., Los Angeles, CA 90064. 
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SPEAKER plans. Build your own and save!! $2.98 
Bass subwoofer amp plans $2.98. Both $4.98. 
Complete plans. Satisfaction guaranteed I C & C 
ENTERPRISES, Box 15585. Alexandria, VA 22309. 

ELECTRONIC Kits! Transmitters! Recorders! 
Phone Devices! Bug detectors! Surveillance items! 
Motel Catalog $1.00: XANDI ELECTRONICS, Box 
25647, 60L, Tempe, AZ 85285-5647, 

PROJECTION TV Convert yourTV to project 7 foot 
picture... Easy... Results comparable to $2,500 proj- 
ectors... Plans and 8" Lens S24.95... Professional 
Systems available... Illustrated Catalog FREE... 
MACROMA 15GG Main Street, Washington Cross- 
ing. PA 18977. Creditcard orders 24 Hrs. (215) 
738-3979. 

FREE microprocessors, free electronic magazines, 
free education in computers. For info write MICRO- 
SAT CORPORATION. 2401 N.E. Cornell HI llsboro. 
OR 97124. 

SNOOPER Stopper Kil of parts, educational man- 
ual prevents cable company spys discovering de- 
scramblers, extra hookups. $19.95. WORLD 
MARKET IMPORTS, MPO-476, Saint John, Cana- 
da, E2L-3Z8, 



SHORTWAVE ANTENNAS 

SWL ANTENNAS All bands, Super performance, 
Direct from manufacturer. Free information. SPI-RO, 
Box 1538, Dept. R. Henderson vine, NC 28793. 
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Let MCM Be Your Guide! 

Your 172-Page Guide to the parts, accessories and equipment you need! 

• Unbeatable Selection • Competitive Prices 

• Many New Items • Convenient Ordering 

You can always depend on MCM to keep you headed in the 
right direction! We back our catalog with courteous sales 
people, free technical advice; plus tast, efficient delivery. 
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To receive a FREE subscription 
to our catalogs, call TOLL-FREE! 

FREE CATALOG 1 -800-543-4330 
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MCM ELECTRONICS 

650 CONGRESS PARK DR. 
CENTERVILLE, DH 4545B-4D72 
A PREMIER Company 



SOURCE NO. RE-54 
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FREE Free electronic information index cards. Send 
SASE, RS MARKETING, 414 Teresa Road, Eliz- 
abethtown, KY 42701. 



BUSINESS OPPORTUNITIES 

YOUR own radio station! AM, FM, TV, cable. Li- 
censed/unlicensed. BROADCASTING, Box 130- 
F3, Paradise, CA 95967. 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness—without investment. Write: BUSINESS, 
92.R, Brighton 11th. Brooklyn, NY 11235. 

EARN thousands with your own part time elec- 
tronics business. I do. Free proof, information. IN- 
DUSTRY, Box 531, Bronx, NY 10461-0531. 



ELECTRONIC 
ASSEMBLY BUSINESS 



Start home spare time Investment knowledge or 
experience unnecessary, BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business opportunity. 

FREE: Complete Illustrated literature 

BARTA. RE-0 Bux 248 
Walnui Creek Cain 94597 



PROJECTION TV. ..Make $$$s assembling Proj- 
ectors. Easy!,.. Results comparable to $2,500 proj- 
ectors... Plans, 8" Lens & Dealers information 
$22.50... Professional Systems available.,. Illus- 
trated catalog FREE MACROCOMA 15GGX Main 
Street, Washington Crossing, PA 18977... Credit- 
card Orders 24 hrs. (215) 736-2880. 

EASY Work! Excellent Pay! Assemble products at 
home. Call for information. (S04) 641-8003 Ext. 
5192. 

LEARN gold, silver, platinum scrap recycling busi- 
ness. Free information. Write: RECYCLING Box 
11216BT, Reno, NV 89510-1216. 



BIG PROFITS! 



LeamVCR clean ing-Rerjair 1 Prior experience unnecessary. Need only 
small hand tools, average mechanical ability. Sly demand performing 
VCR cleanings and repairs! Viejo's 400 page TRAINING MANUAL 
(over 500 photos and illustrations!) and companion VIDEO TRAINING 
TAPE contains hundreds of REAL-WORLD examples of VCR malfunc- 
tions and their repair solutions. Secrets revealed! Also: business tips 
for your new service business I 

Free INFO: call (toll tree) 1 -300-537-0589 

or write to: Vlajo Publication], Dept. fl-E 

217 E. 86111 St.. STE 272, NV, NT 10028 



HIGH TECH ELECTRONICS 

SCRAMBLER PHONES! Phone Bug Detectors! 
Electronic Countermeasures Equipment! Executive 
and personal protection products! And much more!!! 
Catalog S3.00 (Refundable with first order) DIVER- 
SIFIED WHOLESALE PRODUCTS, P.O. Box 1275- 
RE, Redondo Beach, CA 90278. 



INVENTORS 



INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free information. Over a decade of service 
1 (800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753, 



WANTED 



INVENTORS! AIM WANTS- ideas. Inventions, 
technology, improvements on existing products. We 
present ideas to manufacturers. Confidentiality 
guaranteed. Call loll-free in U.S. and Canada 1 
(800) 225-5900. 

WANTED: Old, Western Electric, Mcintosh. Mar- 
antz, Dynaco, Altec, JBL, Jensen, RCA; TUBES 
Speakers, amps. (713) 728-4343. MAURY 12325 
Ashcroft, Houston, TX 77035. 

SCHEMATIC Needed. Kintel model 204A Elec- 
tronic Galvanometer WAYNE WATCHOUS 554-8 
So. Foresthill, Littleton, CO 80120. 



CABLE-TV 




BONANZA! 



ITEM 



HAMLIN MCC JOOU 'JG CORDED HE MO IE CONVEtllEil ci 



PANASONIC WIRELESS CONVERTER mm rii'il ftuyi 



STAR QAT: ?nOC 



■JEHP.OLDJ00 COMBO 



JERROLD -MO HAND REMOTE CON ' "Cn 



JERROLD 450 COMBO 



■JEHFOLD JSP HAND HEVOH :..ONT:n . 



JERROLD SB-ADD-ON WITH Tfl:MODE 



JERROLD SB-ADD.ON. 



M3.5B COMBO UNl 



M-35B COMBO JN:" 



>.*:', ;;r ::.= '; ■■■ 



MIMICODE .N-!2i WITH VARISVNC 



MINICODE VARlSYNC WITH AUTO ON-OFE 



ECONOCODE i 



ECONOCODE WITH VAR15VNC 



-MLD' 1 300-3 'Ci Iputpufl 



-MLD-'gO0-?iCli gULilB.ili 



1 SSAVi CABLEREApv 



IM T ERfERENCE FILTERS >C« 



'EAGLE PD-3 DESCBAMBLE" rO 3iji.iiu 



lAKTA ADP.QN HEflACEIt 



10OR 
1,'OBe 



'CALL FOR AVAILABILITY 



Name 



Address 
State 



-City. 



D Cashier's Check 

Acct * 

Signature 



,2Jp . 

D Money Order 



. Phone Number ( } 

D COO D Visa 
Exp, Date 



Quantity 


Item 


Output 

Channel 


Price 
Each 


TOTAL 
PRICE 






























































California Penal Code S593-D forbids us 


SUBTOTAL 




from shipping any cable descrambllng unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 


Shipping Add 
$3.00 per unit 




COD & Credit 
Cards — Add 5% 




PI FASF PRINT 


TOTAL 





' 3 

■ 

Q Mastercard O 

| 

I 



FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE — I, the undersigned, do Hereby declare under penalty of perjury 
thai all products purchased, now and in Ihe future, will only pe used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
stale laws FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 



Dated.. 



. Signed:. 



i 



Pacific Cable Company, Inc. 

7325 Vi RESEDA BLVD., DEPT. # R-3 • RESEDA, CA 91335 
(818)716-5914 • No Collect Calls • (818)716-5140 



IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in your area. Thank You 
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SCIENTIFIC & ELECTRONIC 
PRODUCTS 



PLANS 

SuitD Yob rs«N —All Parts Available in SlMk 

LC7- BURKING CUTTING CO. LASER $20.00 

RUM- PORTABLE LASER RaV PISTOL S20.O0 

TCC1- 3 SEPARATE TESLA COIL PLANS TO 1.5 MEV S25.00 

IOG1- ION RAY GUN , Eirj.00 

GRA1- GRAVITY GENERATOR $10.00 

EMU-ELECTRO MAGNET COIL GUN LAUNCHER SS.DO 

KITS 

Willi All Necessary Plans 

MFT3K- FM VOICE TRANSMITTER SMI RANGE H9.50 

VWPM7K- TELEPHONE TRANSMITTER 3 Ml RANGE 539.50 

BTC3K- 250.000 VOLT 10-14" SPARK TESLA COIL H«.50 

UX2K- SIMULATED MULTICOLOR LASER S44.50 

BLS1K— 1DO.DO0 WATT BLASTER DEFENSE DEVICE 189.50 

tmiK- 100.000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR S65.50 

PSPIK- TIME VARIANT SHOCK WAVE PISTOL 159.50 

STA1K- ALL NEW SPACE AGE ACTIVE PLASMA SABER . . . . K9.5C 

MVPIK-SEEINOAflKKIT 1199.50 

PTG1K— SPECTACULAR PLASMA 

TORNADO GENERATOR SH9.50 

ASSEMBLED 

With All Necessary Instructas 

(TOO— 50,000 VOLT-WORLD'S SMALLEST TESLA COIL . .554.50 

LGU40-1MWKtNt VISIBLE RED LASER GUN ..• S249.50 

TH30- Ali'O TE i. EP H ONE REC OROI KG DEVICE . . . J24 50 

GVP10- SET IN TOTAL DARKNESS IR VIEWER S349.50 

UST10— SNOOPER PRONE INFINITY TRAKSMITTER .... S169.50 
Kit- INVISIBLE PAIN FIELD 

GENERATOR MUTLI MODE S74.50 

• COTM.06 CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR SI. 00 OR USE OUR 
PHONE FOR " ORDERS ONLY " 603-673-4730. 
PLEASE INCLUDE S3. 00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID. SEND CHECK. MO, VISA. NIC IN 
US FUNDS 

INFORMATION UNLIMITED 

P.O. BOX 71 S DEPT.RE AMHERST, NH 03031 



Cable TV Converters 
Why Pay A High Monthly Fee? 



Jerrold Products include "New Jerrold 
Tri-Mode," SB-3. Hamlin, Oak VN-12, 
M-35-B, Zenith, Magnavox, Scientific At- 
lanta, and more. (Quantity discounts) 60 
day warranty. For fast service C.O.D. or- 
ders accepted. Send SASE (60 cents 
postage) or call for info 1 -800-648-3030 . 
MIDWEST ELECTRONICS, INC., 5143-R 
W, Oiversey, Chicago. IL 60639. MC/Visa 
orders accepted. No Illinois orders ac- 
cepted. Mon.-Fri. 8 A.M. -5 P.M. CST 



SATELLITE TV 



CABLE TV Secrets — the outlaw publication the ca- 
ble companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
pliers list included $8.95, CABLE FACTS. Box 711- 
R. Rataskala, OH 43062. 

SATELLITE TV receiver kits! Instruction manual, 
boards, semiconductor parts! 59* LNAs! LNBS! Ku- 
Band LNB's! Catalog $1.00 XANDI ELEC- 
TRONICS, Box 25647, Dept. 21RR. Tempe, AZ 
85285-5647. 

VtDEOCYPHER II descrambling manual, sche- 
matics, video and audio. Explains DES, EPROM, 
Wizardplus, Keys R us, CI on master, 3Musketeer. 
Pay-per-view (HBO, Cinemax, Showtime, adult, 
etc) S13.95, $2 postage. CABLETRONICS, Box 
30502R, Bethesda, MD 20814. 

FREE catalog systems, Upgrades, Houston, Uni- 
den, Chaparral, etc. Save, SSSS SKYVISION, 2009 
Collegeway, Fergus Falls. MN 56537, (218) 
739-5231. 



SEND Stamp For Catalog. COMMUNICATIONS 
ENGINEERING, 76 Boulevard, Hudson Falls, NY 
12839. 



Scrambling News 



Scram tiling systems apply the latest in electronic technology 
Interesting News, technical feature articles, new patents, 
ium-ons. Feedback. Monthly. J24.95 yr Sample W. Scram- 
bling News: Year 1 $22.95. With current subscription (45. 
Advanced Cable and Satellite Ocscrambling {New). Not a 
rehash $19.95. MDS MMDS Wifeless Cable Hacking (New) 
$12.95. Experiences with Videocypher $14.95 (New}. All new 
Spring product catalog $1. 

HJAiniiiinri'i > M ;»LH,-wi!mni-w i -«:T!Tinr 



N,Y. 14216 COD'S 716-874-2038 



VIOEQCIPHER II Manuals. Volume 1 - hardware, 
Volume 2 - software. Either $32.45. Both $54.95. 
Volume 3-F J rojecta'30ftware - S42.45.NEWt Volume 
4- Repair - $89.95. COD's 1 (602) 782-2316. Cata- 
log $3.00 TELECODE Box 6426-R, Yuma. AZ 
85366-6426. 



CABLE EQUIPMENT BROKERS 

CABLE TV surplus inventory unmodified de- 
scramblers and plain converters at wholesale 
prices. All makes. Example: OAK M35B $30. (415) 
495-3056. 



SCRAMBLE FACTS 

718-343-0130 

PHONE TODAY for 3 minutes of 
satellite TV industry news, technical 
tips, and new product information. 
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MARK V ELECTRONICS, INC. 

8019, E.SLAUSON AVE. 
IWONTEBELLO, CA 90640 



SHOWROOM HOURS: (PACI FIC TIME) 
MON.-FRI. 9:30 to 5:00 SAT. 10:00-5: 



ELECTRONIC LOTTO A 



CATALOG 0R1NF0HMATI0N:(Z13)B8a-8988 

TOLL FREE 1-800-423-34B3 OR 
1 -800-521 -MARK{IN CAL) FOR ORDEBS 
PUIS BY t 






^S NOW 



TY-8 




- 0-*i DIGITS DISPLAY. SUITABLE FOR IQTTE'HV CA.ME 

* AUTO-SMUT OFF POWER. SO POiWfl OQNHJUrFT ION U VFR 
'0.*" GREEN HO DlEFLAY*lTH FAwCY PLAiTrC PANEL. 
" DFIR_*f IQ'H VOLTAiiE BV DC IBATTER Y NOT INCLUDED I 

* DIMENSIONS IV * 3" -0.5- 



KiTWir 



ORDER BY FAX Z13 888-6B&B 

VIDEO/AUDIO SURROUND 1 
SOUND PROCESSOR 
SM-333 AA 



4% HI-PFtECISION D.P.M. 
SM-48A AAA 




SPECIFIC* TrONS 

'Umli. IwAcenk ,n(lv4,^ BCD. BUST STHOPt &.,[*, 



TALKING rtWs tW , sully 
CLOCK* iellUt! 




NOW 
:X Lx5thl5^ 



'MEMORY 5TVFJTEM CAM HOLD lb* n 
-■■*:- %-cJ memuw 

i>:" ; _ : ■ rr. : DCeJwA *7fJA 

* Accmcti DC -O ■---■■ - .' I - j ■ 
L Po*»r DC5-6V M 300mA 

DIMH4MUNS 22/4- rWI i 1 }i* l+tl ,. 4 
FWEETWlTMLJIf* 5TANDARDOF W GERMAN 
KIT/AS5M AND TESTED h CAL 



120W VERSATILE STEREO 
POWER BOOSTER AA ^ TA-302 



iu/w 



$62 m 

SUP£R SALE 

MULTIFUNCTIONAL LED D.P.M, M 



300WHQ HI-FI POWER 
AMPLIFIER (MONO) 
TA-3600 AAA 

QUASI COMPLEMENT AH Y-SYMUE THY WITH 
«fi*.kH HIGH OOT*-uT TRANSISTORS" 
SPECiFiCaTiONS 

•POWER OUTPUT HOW IflMSi ifcfTO • DM**! - ' * 
14'Av. ■■■ v r- ;-, t IP4TQ tOHMj 
$4QW IMUS.lt; ^OW|RI ihT-y -I DuMS 
1 LOAD IMPEDANCE 4 OHMS 0« » OHMS 
■'<-' [OL.LKC ■ nti.iC.ML I lOHf-XOJKKlHi 
■TOTAL HARMONIC DISTORTION LE5& THA.N QW\ 
'tNPVt SENSiTivity anO impedance at ii 

1U-I tV 47K O-MMS 
*SUPP(.V VOLTAGE DC * 75V OR AC 13V i 3 tA 
KIT'ASSM AHO TESTED 
x' r cmwEPj 1 ka.Doa vf iov f. cat 




SUPtiZ VALUE 

DIGITAL VOICE MEMO TA-28 MKII AA 





FEATURES 

• 5-a LID-STATE. K ECO BO/PLAY BACK. 
*PO^ie:R.'RECORO Ld& INDICATOR. 
ti BIT AOPCM ALGORITHM 

• fl BIT A.D/OA CONVERTER. 

• 256K MEMORY CAPACiTOfi. 
•ASEC OR l&SEC RECORP TIME. 

• SAMPLING FREQUENCY irmOR* KHi. 
■ I NC L UOEO CON DE hSO R M !C & S^E A k; e r 

• BUILT IN LOW PASS FH.TER. 

• MORE FfE.AL.I$.?iC A CLEARLY 




NBV 



C,<LC> 



M 



• FREE1GAK TOY ORAOE DRAM 

L'T/ASSW 0, TESTED ■ 



r 
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• * -fc-tt PRESENTING ***** 

CABLE TV 
DESCRAMBLERS 

***** STARRING ***** 

JERROLD, HAMLIN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

• FINEST WAffflANTY PROGRAM AUVLABLE 

• LOWEST HETAJL/WHOLESALE PRICES IN US. 

• ORDERS SHIPPED FROM STOCK WTTHtN 24 HOUR? 

FOR f REE CATALOG ONLV 1-800* 3*5* 8927 

FORALUNFQRMA.TION l-BlB-7 16-5914 



T 



PACIFIC CABLE CO. INC. 

■ US '■■:■:'.::■■■ BLVD. DEFT flEl 89 



CABLE-TV AT IT'S BEST 

SCIENTIFIC Atlanta models 8500— B550— 8580 
remote included... $275.00. SB-3S...S74.00. TRI- 
Bl"s...$95.00. SA-3fc.-J99.uO, Zenith (Z-Tac) da- 
scramblers... $169.00. N-12 (Vari-sync),.. $89.00. 
M-35 B (Vari-sync)... $99.00. Hamlin MLfJ-1200"s... 
$89.00. 80-Chanwl converters... $35.00. Dealer 
discount on (5) units. Call-— N.A.S. tNTERNA- 
TIONAL, (213) 631-3552. 



MINI POWER SUPPLY 

POCKET SIZE. Operates on 9v battery or DC 
adaptor with female plug. Continuously 
variable zero to adaptor voltage. Switching 
efficiency: 80% at 300ma max. Regulated, 
SOrnv ripple. Extra pulse output. Dark plastic 
enclosure. $39 postpaid. 30 day refundable. 
PARAWING P. 0. Box 65, Menlo Park, CA 
94026. 



CABLE TV CONVERTERS 

CABLE TV converters. Scientific Atlanta, Jerruid, 
Oak, Zenith, Hamlin. Many others. "New" Video 
Hopper "The Copy Killer, Visa, M/C & Amex. 1 
(800) 826-7623. BAB INC., P. O. Box 21-327, St 
Paul, MN 55121 



EDUCATION & INSTRUCTION 

MAGIC! Four illustrated lessons plus inside infor- 
mation shows you how. We provide almost 50 tricks 
including equipment for four professional effects. 
You get a binder to keep the materials in, and a one- 
Year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold-embossed. You get a one-year sub- 
scription to our quarterly newsletter "IT'S MAGIC!" 
Order now! $29 .95 for each course +$3.50 postage 
and handling. (New York residents add applicable 
state and local sales tax). THE MAGIC COURSE, 
500-B BiCounty Boulevard, Farmingdale, NY 
11735. 

F.C.C. Commercial General Radiotelephone 
license. Electronics home study. Fast, inexpensive! 
"Free™ details. COMMAND, D-176, Box 2223, San 
Francisco, CA 94126. 

BE a recording engineer; Train at home for high 
paying-exciting careers. FREE information. AUDIO 
INSTITUTE 2174 Union St., Suite 22K, San Fran- 
cisco, CA 94123. 

DO it yourself guide on how to maintain & clean 
your VCR. Hookup diagrams. Basic problems & 
solutions. Illustrations included. Send $7.95 
AMERICAN GIFTS 1445 N. Morse, Chicago, IL 
60676. 



THIS IS A BOLDFACE EXPANDED AD. If you 
like this format, request it. Your cost is 
$6.25 per word, plus 45% for the boldface 
and tint background. 



CABLE TV 
DESCRAMBLERS 



JF-RROLDixTri-BiMtxt. 
JERROLD™ SB -3 OR 2 

I lamlki MLD-1200. 

Oik N-12 W/V.S 

Oix-M-35-B W/V.S 

OAK El 3 

Xaiich SSAVI 

Eagle PD-3 

Scientific AtiifUi 

S A-Combo 1 *....,.^..*, 

TOCMB. „ , 



Oik .N-12 W/Auto 

Jerrol d Surcrcm CS V ., 



$105.00 

589.00 

S99.S5 

S99.95 

$99.00 

199.9S 

1185.00 

SI 20.00 

J129.9J 

CA1J, 

$350.00 

$140.00 

S139.9J 



10 Lot 

$35.00 

$65.00 

$62.00 

$6200 

$73.00 

$53.00 

S 145.00 

$85.00 

$105.00 

$CWI 

$295.00 

$105.00 

Call 
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*NEW STARGATE 2000 
CABLE CONVERTER 




1 -$89.00 10-169.00 100-CalI 

Last channel recall -Favorite channel select- 
75 channel-Channel scan-Manual fine tune- 
One year warranty -surge protection- HRC & Stand- 
ard switchable- and much more. Call Today! 



INFORMATION(402}554-041 7 
Orders Call Toll Free 
1-800-624-1150 

M.D. ELECTRONICS 
115 NEW YORK MALL 
SUITE 133E 
OMAHA, NE. 68114 



M.C. 
VISA 
C.0,0. 
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WALNUT SPEAKER 
CABINET KIT 

Super quality, genuine 
walnut veneer cabinet. 
Kit includes: routed and 
mitred top, sides, and 

bottom in unfinished 3/ 
4" walnut veneer. Cut 
your own custom holes 

in (he front and rear to 
match your drivers. IS" 
xSfxir. Volume: 1.9 
cu, ft. 



SPEAKERS AND COMPONENTS 



#260-350 



$22.50 
(1-3) 



$19.95 

(4-up) 



15" THRUSTER 
WOOFER 




Thniflter by Eminence. Made in U.S.A. For- 
ward poly roll foam surround, 56 oz. magnet. 2- 
1/2", 2 layer voice coil. ISA waits RMS, 210walts 
max. 4 ohm. fs - 23.5 Hi. QMS - 9.86, QES = .34, 
□TS - .33, VAS = 17.9 cu. ft. SPL - 94.B dB ! W/ 
1M. Net weight: 15 lbs. A 

#290-180 $43.50 $39.80 

(1-3) (4-up) 



SUBWOOFER CROSSOVER 



200 wans RMS. 
12 dB per octave, £* 
ISO Hz at 8 ohm 
crossover point 
# 260-2 20 



$28.80 

(1-3) 



$24.40 

(6-up) 



CD PIONEER 



12" POLY WOOFER 



EMINENCE 



(AA) MOTOROLA 

Polydax 



18" EMINENCE 
WOOFER 



^*sm? 






OrQ PIONEER 

Super duty, 40 or, magnet. Polypropylene 
cone. 100 watts RMS. 14S wans max. 4 and 8 
ohm compatible (6 ohm). 2" voice coil. Is = 25 
Hz. VAS- lO.Scu. ft., QTS = .168. Response; 
2S- 1,500 Hi. Net weight: 9 lbs 

#290-125 S36.80 $34.50 

(1-3) (4-up) 



12" PIONEER 
SUBWOOFER 
Cfl rPIOMtzar 



m 



Dual voice coil sub woofer. 30 oz. magnet, 2" 
voicecoil. 100 watts EMS. :45 watts max. is 25 
Hz. 6 ohm (4 and 8 ohm compatible). SPL= 89 
dB 1W/1M. Response: 25-700 Hz. QTS=.31, 
VAS = 10.3 cu ft. Pioneer #A3OGU30-55D. Net 
weight; 6 lbs. 



#290-145 



$39.80 
(1-3) 



$36.80 

(4-up) 



15" 3-WAY, 125 WATT SYSTEM 



Our "Top-o( the iiine" system. The system 
features elements specifically selected to pro- 
duce a balanced output throughout the full 
frequency bandwidth of the system. System 
includes: (1) #290- 155 IS" polypropylene 
woofer rated at 145 watts max, (2) #280-020 
cup midranges, (1) #270-035 4" soft dome 
tweeter, (1) #260-215 200 watt 3-way cross- 
over, (2) #260-253 100 watt mid, tweeter 1" 
pad attenuators, (1) #260-300 speaker termi- 
nal, and (1] #280*340 grille cloth. 

#15^125 




$99.95 

Each 




EMINENCE 



MADE IN 
U.S.A. 



100 oz. magnet, 3" voice coil. 250 watts RMS, 
350 watts max. 8 ohm, 30 Hz resonant fre- 
quency. 22-2700 Hz response. Efficiency; 95 
dB IW/1M. Paper cone treated accordian 
surround. Net weight: 29 lbs. 



i* 29 0-2 00 



S9S.80 
(1-3) 



$89.50 

(4-up) 



PIONEER HORN 
TWEETER 

Mylar dome, 2.93 oz. 
barium ferrite magnet. 
8 ohm. Response; 1,800- 
20,000 Hi. 35W RMS, 
SOW mast. fs = 2,000 Hz, 
SPL- 106 dB. Pioneer 
#AHE60-S1F. 



•ft 



#270-050 



S6.50 
(1-9) 



$5.90 

(10-up) 



3-WAY 100W CROSS 
OVER 



12 dB / octave roUoff. 800 
Hz, 5000 Hz. 8 ohm. 100 
watts RMS. $12.50 

#260-210 (1-9) 



tai 



$9.95 

(10-up) 



Parts 



340 E First St., Dayton, OH 45402 
Local 1-513-222-0173 
FAX 513 222-3544 



CALL 

TOLL FREE 

1-800-338-0531 



* 15 day money back guarantee. ' $10.00 minimum 
order. * We accept Mastercard. Visa. Discover, end 
COD orders. ' 24 hour shipping. * Shipping charge 
= UPS chart rate ($2.50 minimum charge), * Hours: 
8:30 am - 600 pm EST, Monday - Friday. * Mall order 
customers, please call far shipping estimate on 
orders exceeding 5 ItM. 
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LEARN TV/VCR 
REPAIR 

Now you can Jrain at hrjrrte in spare time for a money-making 
career as a TV 'VCR Repair Specialist. No previous experi- 
ence necessary. No need to quit your job or school Everything 
is explained in easy-to-understano language with plenty of draw- 
ings, diagrams and pholos. We show you how to troubles hoot 
and repair video-casselte recorders and TV sets, how to handle 
house calls and shoo repairs tor eimosl any make ol television or 
VCR. Tools are included with your course so you can get 
"hands-on" practice as you follow your lessons slep by step. 
Send tor Iree facls about the exciting opportunities in TV.'VCR 
Repair and find out how you can start making money in this 
gjejlcareer_ ma (^COUPON TO DAY_ _ _™» 

*" ICS SCHOOL DF TV/VCR REPAIR, Dept. DE029 

,****' mm Scramon. Pennsylvania 15515 

Please send me full information and color brochure on how i can 

learn TV.-VCR Repair at home in my spare time. 1 undeislans 

there is no obligation and no salesman will visit me. 

Name Age 



Address. 



-Apt #_ 



City State 
Phone ( 



.Zip. 



DESCRAMBLER MODULE 



\f ybu want mnerica 
* to be prepared 
^ for the future, 

mething about it 



LATEST technology alternative to Jerrold SB-3 or 
Radio-Electronics Feb. 1984 project. Featuring 
electronic tuning, AGC, auto-on/off. AC/DC power, 
mini-size, AST, and more. For literature — SOUTH- 
TECH DISTRIBUTING, (813) 527-2190. 



THIS A REGULAR TYPE BOLDFACE AD with a 
tint screen. To have your ad appear like this one, 
the cost Is $4.15 per word. 



BUY BONDS 



Support America's colleges. Because college is more than a place where 
young people are preparing for their future. It's where America is preparing 
for its future. 

If our country's going to get smarter, stronger— and more competitive 
—our colleges and universities simply must become a national priority. 

It's an investment we all share in. Government. Private citizens. And 
the business community. After all, the future of American business depends 
on it 

So help America prepare for the future with a corporate gift to the 
college of your choice — and you'll know your company has done its part. 



Give to the college of your choice. 
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Scientific Atlanta & Pioneer Cable Descramblers in Stock 
AC/DC — Tfe Ttefr&aden, ut^aio- Ptica 

• We will match or beat anyone's advertised price • 



ITEM 



PIONEER ADD ON PD-2 DECODEH FOH ALL PIONEER SYSTEMS 

PANASONIC WIHELESS CONVERTER 1 403N 

JERHQLD JSX3-DIC 36 CHANNEL CONVERTER 

JEHROLO 40O WITH REMOTE (MANUAL FINE TUNING) 

JERROLD 400 COMBO VW REMOTE (DRX3DIC) 

JEHHOLD 450 COMBO VW REMOTE (DRZ3DIC) 

JERROLD 400 OR 460 REMOTE HAND UNIT 

JEHROLD SB ADD ON 

JERROLD SB ADD ON WTTH Tflt-BI 

OAK M-35 COMBO 

OAK MINICOOE (N-12) 

OAK ECONCCODE (E-13) 

HAMLIN MLD-1200 

EAGLE PO-3 

ZENITH SSAVI CABLE READY 

SCIENTIFIC ATLANTA SA-3 ADO ON 

INTERFERENCE FILTER (CHANNEL 3 OR 6) 

VIDEO TAPECOFT STABILIZER . 

PANASONIC CONVEHTOR YW VOLUME CONTROL (1 70 3PB) 

SCIENTIFIC ATLANTA B5SQ 

SCIENTIFIC ATLANTA 33 CHANNEL CONVERTER.. 

SCIENTIFIC ATLANTA B535 

PIONEER CONVERTOH (4535) 



ONE UNIT 10+JNITS 



.250.00 . 
.,79.95 
. .84.95. 
..£4.95. 
.134.95. 
. 169,95 . 
..24.95. 
. . 74.95 
. . 95.00 . 
. 94.95 

. W»5 
. . 54.95 . 
. . 99,95 . 
.149.95 . 
,109.95 

.24,95 . 

.69.95 
.109.95. 
.299.95 
.94.95 
.210.00, 
..39.95 



200.00 

. 69.00 

, 65.00 

. 55.00 

100.00 

125O0 

. 15.00 

. 55.00 

75.00 

65.00 

59.00 

40.00 

55.00 

. 60.00 

100,00 

80.00 

.. 14.00 

4500 

95.00 

249.00 

79.00 

17500 

. . 75.00 



QUANTITY 



ITEM 



tl *l AC-DC I* d*haud any pay HImuex, Dparitw and w * 



PLEASE PRINT □ CMtwr'i Clwcfc D Uvtwf Ofdi, Q COO 
Narre 



City I State /Zip 
Signature 



Phone Number ( ) . 



WAIVER. S*c* I. in* uftdtftnTHd. M>r whd*f*l*nd ihal Hi* cr»n«rthip el a sacan <s*cod* fld** not gn* In* o*m*r el 
Ih« otcodae ID* nghl Ig dKOA « V**w pr*mnim «£** tKana«S» wthcHjd papa ajlhcmlwrt FtOAl lh*tf Ideal CabM tdm 
e*ny, harifc, d*da.a unc»f p*n*lly or p*n«Y thai in Bredueii sweKaMd, al irtj 1in«, will wuy b* u**d on «t*i TV *y*. 
i*m» siili pop*. aiilh6«7atK* Irwr. aK*l cfteialt V caW* company dflieart ^ aesdidane* wiih all apcueic^ fad*.*' and 
:lil* llW* F*dv*l and vprnjw (Lai* law* proved* Idf 5gt)*l*nlul criminal and cv.l p*n*Jt>*« W *h**1h*ftj*d **■ 



, Dated: 


Signed: 










ATLANTIC CABLE DISTRIBUTING 


CENTER INC. 




:!lili N. 


liltUAinVAY. StlTK 


:tl(l. 


JKItK'HO. XV 1173. 




616-6 


25-3550 iMPontANr n™ 

* «f |lw,r*]lB(ir>M4it i 


, ... 
-1., 


and mode. 

.. ■ ■ ,v * 


516 - 625-3533 


J 



AMGOM AMCOM SAYS "We're glad we have 

competition. It keeps us on our toe's, so you get better 

products and service." 

800-85-AMCOM (For Orders) 804-456-5505 (Tech Line) 

cable 'if Equipment 

Standard SSAVI add on unit $f$9.00ea 

Fi/ferS 2,3,5,6,8.9,ld,15,16,17,18,19,20,21,22 $15.0063 

Bi-Sf ate Irimode add on unit $!f9.00ea 

TC-VIP ADD-ON. $169.00 

rc-wm ,. $w,oo 



LM318— 1.00 

LM555 — .35 
MC1350— 1.00 
TL082— 1.00 
CD4012--.25 
CD4024-.50 
CD4069-.2S 
7490 .35 



LM319--1.0O 
LM565— .75 
CA1398— 4.00 
TL084— 1.50 
CD4013--.25 
CD4027--.35 
CD4071-.25 
741s04— -.35 



LM324-.30 
NE592-.75 

MC1458— ,25 
CD4002-.25 

CD4016--.25 

CD4053--.6O 
CD4081-.25 

741s74 — .35 



LM393-.50 
MC1330--.5S 
LM1496-.75 
CD4011-.25 
CD4018-.50 
CD4066--.40 
CD4082-.25 
741sl23--,50 



BLASTER UHF Preamp $25.00 

25 db gain with atiiy 5nt tots ^vhen mounted at your intennm mist 

L'sb the new PHANTOM TYPE POWEH line. With (tripltne ci«u!ti-j', 

ALL PARTS FOR ASSEMBLY, Include, power mpply. 

RARE IC CHIP MM532I 

Camera sync chip supplies all color information and *yTic,.SS*>0 

DEALERS WANTED"!! QUANITY PRICES 
Call us !!! We buy excess inventory 
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[corpora t I o n jM 



Quality Name Brand Electronic Components 



— '">-— " """i-""i 



Volume Discounts - OEM Pricing ■ Toll Free Wats Line 



701 Brooks Ave. South 



P. O. Box 677 



Thief River Falls, MN 56701-0677 



nrn/^OF THE TOP too ELECTRONIC 

Uh U A| MANUFACTURERS IN THE UNITED 



STATES ARE DIGI-KEY CUSTOMERS 

"Source: Electronic Business 2Q0 r "Electronic Business" Magazine, July 15., 1938 



This might seem incredible until you realize that 



O Ffl/ OF THE ITEMS IN DIG1 KEY'S CATALOG ARE 
M*! /D AVAILABLE FOR "OFF THE SHELF" DELIVERY 



AND THE OTHER 5% ARE ON THE WAY!! 



M M /l fl OF ORDERS ARE SHIPPED TO DIGI-KEY 



CUSTOMERS WITHIN 24 HOURS!! 



100°/ 



fl COMMITMENT TO CUSTOMER 



SATISFACTION!! 



To receive your complimentary copy of the current Digi-Key Catalog or for pricing and 
Availability on your current or future needs — Contact Dtgi-Key today 

1-800-344-4539 

Easy To Remember: 1 -800- DIG 1-KEY 

AK, PR: 218-681-6674; Easylink: 62827914; Telex II: 9103508982 "DIGI-KEY CORP; FAX: 218-681-3380 
Serving A National Market With Quality Electronic Components Since 1972 
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• Panasonic * Amp • 3M/ Associated Electronics * Omron • Texas Instruments " International Rectifier 
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EQUALITY PARTS ^DISCOUNT PRICES ±FAST SHIPPING 



ALL CLECTROniCS CORP. 



10 AMP SOLID 
STATE RELAYS 

ELECTROL#S2181 
CONTROL: 
Rated 5.5 to 1 Vdc 
(will operate on 3-32 Vdc). 
LOAD: 1 amp @ 240 Vac 
2 1/4-X1 3/4" X 7/8" 
CAT# SSRLY-10B $9.50 each 
QUANTITY DISCOUNT 
10for$85.00 • 25for$175.00 
50 for $300.00 • 100 for $500.00 




STROBE KIT 




Variable rate strobe kit, Hashes be- 
tween 60 to 120 times per minute. Will 
operate on either 6 or 12 Vdc depend- 
ing upon how you wire the circuit. 
Comes complete with P.C. board and 
instructions for easy assembly. 
CAT# STROBE-1 $7.50 each 




CASSETTE MECHANISM 

Alpine cassette 
transport 
mechanism. 
Includes stereos' 
tape head, 

Mitsubishi # MET-3RF2B 13.2 Vdc 
motor, belt, pulleys, capstan, last- 
forward, rewind and eject actuator. 
Does not include amplifier section. 
6 1/2"X5 1/4"X13/4". 

CAT# CMEC-5 $7.50 each 
10 for $65.00 



PIEZO 

WARNING 

DEVICE 

M u rata Erie* PKBS-4A0 
High pitched audible alarm. Op- 
erates on 3 - 20 Vdc @ 20 ma. 1" 
high x 7/8" dta. P.C. board mount. 
CAT#PBZ-84 11.75 each 



XENON TUBE 

1 " tong flashtube with 3 1/2" fed 

and black leads. Ideal (or 

electronic flash or strobe projects. 

CAT* FLT-3 2 tor $1.00 



NICKEL-CAD 
BATTERIES 

(RECHARGEABLE) 



SPECIAL!! AAA SIZE 

Panasonic* P-18AAA 

1.2 volt @ 180 MAh 

CAT* KCB-AAAX $1 .50 each 

10 for $13,50 -100 tor $125.00 
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AA SIZE 52.00 each 

1.25 volts 500 mAh 

CAT* NCB-AA 

AA SIZE $2.20 each 

WITH SOLDER TABS 

CAT* NCB-SAA 

C SIZE $4.25 EACH 

1.2 volts 1200 mAh 

CAT* NCB-C 

DSIZE $4.50 each 

1.2 volts 1200 mAh 

CAT* NCB-D 



TRANSISTORS 

TYPE CASE PRICE 

NPN TO-92 

PNP TO-5 

PNP TO-18 

PNP TO-92 

NPN TO-3 

NPN TO-92 

NPN TO-92 

PNP TO-92 

NPN TO-92 

PNP TO-92 

PNP TO-92 

PNP TO-3 

NPN TO-3 

PNP TO-3 

PNP TO-220 

NPN TO-220 

PNP TO-220 

NPN TO-220 

PNP TO-220 

NPN TO-220 

PNP TO-220 

NPN TO-220 

PNP TO-220 

WIDE BAND AMPLIFIER 

NEC* UPC1651G. 12O0Mhz@3db. 
Gain: 19o"h @ 1-500 hz. 5 volt operation. 
Small package 4mm dla. X 2.5 mm thick. 
C AT* II PC-1 651 2 for $1 .00 
10 for $4.50 ■ 100 for $35.00 

N-CHANNEL MOSFET 

IHF-511 TO-220 case 
CAT*IRFS11 
$1.00 each -10 for $9.00 
LARGE QUANTITY AVAILABLE 

■!-Wa*WMSffl-;.:.m^^ 



CAT* 

PN2222 

2N2904 

2N290S 

PN2907 

2N3055 

PN3569 

EN 3 904 

2N3906 

2N4400 

2N4402 

2N5400 

2N58e0 

2N5BS2 

MJ2955 

MJE295ST 

MJE3055T 

TIP30 

TIP31 

TIP32 

TIP41 

TIP42 

T1P121 

TIP12S 



5 lor 75* 
3 tor $1.00 

3 lor $1.00 
5 lor 75c 
$1.00 each 
5 lor 50* 

5 for 75* 
5 for 75* 
5 tor 75* 
5 tor 75* 

4 for 11.00 
$2.00 each 
$2.00 each 
$1.50 each 
75c each 
7S-C each 
75* each 
75c each 
75* each 
75* each 
75* each 
75* each 
75* each 
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WALL 
TRANSFORMERS 

ALL PLUG 
DIRECTLY 
INT0 120 VAC 
OUTLET 
CAT* DCTX-620 $2.25 
CAT* DCTX-67S $3.50 
CAT* DCTX-825 $2.50 
12 Vac ©930 ma. CAT* ACTX-1293 $3.50 
18 Vac® lamp. CAT* AC TX- 1885 $3.50 




6Vdc@200ma. 
6Vdc@750ma. 
9 Vdc & 250 ma. 



OPTO SENSOR 

U shaped package with mounting 
ears. 1/8" opening. 3/4" mounting 
holes. CAT* OSU-6 50* each 
10for$4.50- 100 for $40.00 



SWITCHES 
ITT PUSH BUTTON 

ITTMDPL tenet. 3/4" X 
1/2" gray rectangular 
key cap. S.P.S.T. N.O. 

Posh to close. RATED; 0.1 arrp twitching. 0.25 
arrp cany current. P.C. mount. CAT* P8-S 
65* each • 10 tor $6.00 • 100 tor $50.00 
10 POSITION HINi-ROTARY 

QrayhllW 56P36-01-1-10N-C 

Mini rotary switch. Non-shorting. I 

1 deck. 10 positions. .125" dia. & 

shaft X .375" long. .377" behind f*S 

the panel depth . P.C. pins . ' j fri' 
CAT* MRS- 10 $2.50 each 

HALL EFFECT SWITCH 

MCROSWITCH* 4BE3 
Slanted keyboard switch with hall 
effect sensor. Snap* Into 5/8" 
square chassis hob. Hall effect 
sensor slides easily from switch 
and can be used In other applications. 
CAT* HESW 4 for $1.00 
1 for $2.00 - 1 00 for $1 5.00 

SPDT PUSHBUTTON 

Marquardf 1843 

Rated 8 amps @ 125/250 Vac. 

Black plastic pushbutton. 

Switch body; .92* X M' X .65". 

CAT* PB-1S $1.65 each ■ 10 lor $1.50 each 





CALL OR 

WRITE 
FOR OUR 

FREE 

CATALOG 

OVER 

4000 

PARTS! 
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LED'S 

STANDARD JUMBO 
DIFFUSED T 1-3/4 size 

^REO CAT4LE0-1 
10 for $1.50- fOO for $13.00 
GREEN CAT4LED-2 
1 tor $2.00 - 1 00 for $1 7.00 
YELLOW CAT* LEO-3 
10 tor $2.00 -100 for $17.00 
FLASHING LED 
with bull In flashing circuit ( 

operates on 5 voiic... 
RED $1.00 each 

CAT* LED-* 10 lor $9.50 TT 
OffEErV $1.00each [| 

CAT* LED-4G 10 for $9.50 

BI-POLAR LED 

Llg hta RE D one direction , fi 

GR E E N the other. Two leadt. I ' 
CAT#LED-6 2 for $1.70 
LED HOLDER 

Two piece holder. a gt. 

CAT* HLED 10 for 65* *» 



RELAYS 
12 VOLT D.C. COIL S.P.D.T, 
Omron#G2E-184P 
4 Amp contacts 
335 ohm coll. 
Sugar cube size. 
.61" X AT X M' high. 
P.C. mount with pins on DIP spacing. 
CAT* RLY-787 $1.50 each 

120 VOLT A.C. - D.P.D.T. 
GUARDIAN* 1220U-04 
10 Arrp contacts. 
1,100 ohm coll 
1.703" X 1.578" X 
1.687". Clear 
polycarbonate cover. Gold plated 
solder of socket mount terminals. 
CAT* RLY-228 $3.50 each 




MAIL ORDERS TO: 

ALL ELECTRONICS 

P.O. BOX 567 
VAN NUYS, CA 91408 

TWX-5101010163 (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 
FOR A CATALOG!! 



ORDER TOLL FREE 

800-826-5432 

INFO: (818)904-0524 

FAX: (818)781-2653 
MINIMUM ORDER $10.00 
QUANTITIES LIMITED 
CALIF. ADD SALES TAX 
USA: $3.00 SHIPPING 
FOREIGN ORDERS 
INCLUDE SUFFICIENT 
SHIPPING. NO C.O.D. 
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JDR Microdevices 



tO years of commitment to you! 



WM 



As we celebrate our 10th year in business, we'd like 
to give a special thanks to all our loyal customers! 
Our business is built upon your trust and confidence 
in us, things we take very seriously. 

To those of you who have never ordered from us, here 
are 1 reasons to give us a try: 
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1. 3D day money bach guarantee on every item* 

You can buy with confidence from JDR because you can 
return any purchase within 30 days for a complete refund. 

B. One year limited warranty on every item* 

We warranty all our products to be free of defects in materials 
or workmanship for one year from date of purchase. 

3. Toli- free ordering: call 800-538-5000 

Monday-Friday 7 AM-5 PM, Saturday 1 AM-3 PM (PST). 

4. Tall-free customer service 

We're here to help-just give us a call. 



5. Toll-free, tap-notch technical support 

Our 24-person support staff provides technical 
help before or after you make your purchase! 

6. Extensive product testing 

Every new product is put through extensive testing 
in our own labs before we add it to our selection. 

7. Wholesale prices on volume orders 

Just ask for our Wholesale Department. 

8. Fast shlppiny 

Most orders are processed and shipped within 48 hours. 
Need it tomorrow? Ask about our Overnight rates. 

3. Shareware by Buttonware 

Complimentary software with every purchase over $1 00. 

ID. Electronic BBS: (408J 374-B171 

For 24-hr. ordering, technical support, tips and more! 

"A full copy of our terms is available upon receipt. 



' L VVe wish to thank you and your staff for 
the great service you extended to our 
department with our orders. We really 
appreciate it when a company expedites our 
order in such a timely manner, with quality 
merchandise and competitive prices.'" 

— Sally A. Callaway, Kalispell, MT 



We. . .really appreciate 
JDR Microdevices, a vendor 

which provides products and 
service that can be relied 
upon for excellence . " 

Diane H. DuBois, San Jose CA 



*/ have your MCT-XJMB and 
MCT-FDC and was very pleased 

to find the instructions were the 
best by far for any circuit board I 
have seen, A compliment should 
be In order. ' 

—C.C., Marstons Mills. MA 



"THANKS! The response to my letter 
about the problem I was having was 
GREAT! Robert called me and assured 
me that he was going to find a solution. 
HE DID! Please give him my thanks 
for his help." 

—Clyde Hussey, Sylva, NC 



"I found JDR's tech support to be responsive, 
helpful and honest — appreciably more so than 
other companies I have dealt with. 
I would certainty use JDK for other purchases 
and will recommend She company to associates 
with confidence." 

— N,G„ Melville, NY 
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STATIC RAMS 




DYNAMIC RAMS 






EPROMS 






CO-PROCESSORS 


PART 


SIZE 


SPEED 


PRICE 


PART 


SIZE 


SPEED 


PRICE 


PART 


SIZE 


SPEED 


Vnp 


PRICE 


BOS7 


5 MHZ 


99.95 


2112 


256x4 


4 50ns 


2-99 


4116-200 


16394x1 


200ns 


.99 


270B 


1024x8 


45flns 


2SV 


4.95 


8087-2 


■ MM 


139.95 


2114 


1024X4 


450m 


93 


4115-150 


16384*1 


150ns 


.99 


2716 


2019x6 


JiSOnE 


25V 


3.49 


8067-1 


10 MHz 


194.95 


2114L-2 


102414 


200ns 


1-49 


MK4332 


32769x1 


200ns 


6 95 


2716-1 


2049x6 


350 ns 


2SV 


3.95 


80287 


6 MHz 


159.95 


TC5S1S 


2048x8 


2S0ns 


3.95 


4154.150 


65536x1 


150ns 


2 Zi 


2732 


4096x8 


450ns 


25V 


3.95 


50257-8 


8 MHz 


229.95 


TMM201 6-200 


2048x8 


200ns 


3.25 


4164-120 


65536x1 


120ns 


3.19 


2732A 


4096x8 


250ns 


21V 


3.95 


60287.10 


10 MHz 


289 95 


TMM2015-T5D 


2048x8 


150ns 


3.29 


4144-100 


65536x1 


100ns 


3.95 


27C64 


8192x8 


250ns 


12.5V 


1.95 


80987-16 


16 MHz 


449.95 


TMM2016-100 


2048X8 


100ns 


4.29 


TM 54164 


65536x1 


150ns 


2.99 


2764 


9192x9 


450ns 


12.5V 


3.49 


80387-20 


20 MHz 


599.95 


HM6116-4 


204919 


200ns 


4.95 


TMS4416 


16394x1 


150ns 


8.95 


2764-250 


8192X3 


250ns 


12.5V 


3.69 


80387-25 


25 MHz 


699.95 


HM6116-3 


2048x8 


150ns 


5.95 


41128-150 


131072x1 


150ns 


5 95 


2764-200 


9192x9 


200ns 


12.5V 


4.25 




■ 


_x r 


HM5116-2 


204918 


120ns 


6.45 


TMS4464-15 


65536x1 


150ns 


10.95 


MCM6B766 


5192x8 


350ns 


21V 


15.95 


bT 1 


1 


rrL-J 


HM6116LP-4 


2049xB 


200 ns 


5.95 


TM54464-12 


65536x4 


120ns 


11.95 


27129 


16391x9 


250ns 


12.5V 


4.95 


1 


l luru 


HM611ELP "i 


2049x9 


150ns 


645 


41256-150 


262144H 


150ns 


12.45 


27128A-200 


16384X8 


200ns 


12.5 V 


5.95 


WJ ' 




\* 


HM6116LP-2 


2D48X8 


120ns 


6.95 


41255-120 


262144x1 


120ns 


12.95 


27C256 


32768x8 


250ns 


12.5 V 


7.95 


£*' 




5 


I CM 264 1 - ■■ 


9192x9 


150ns 


9.95 


41256-100 


262144x1 


100ns 


13.45 


27256 


32768x8 


250ns 


12.5 V 


5.95 


/ 


HM6264LP-12 


6192x9 


128ns 


1 0.95 


41255-50 


262144x1 


BOns 


13.95 


27256-200 


32766x8 


200ns 


12.5 V 


7.95 


^■i 


/ 


YEAR 


HM43256LP-I5 


32788x9 


150ns 


12.95 


HM5125S-I00 


262144x1 


100ns 


13.95 


27512 


65536x8 


250ns 


12.5V 


11.95 


^w 


/ 


H Ml 3255 LP- 12 


32768x8 


120ns 


14.95 


1 MB-1 20 


1048576X1 


120ns 


34.95 


27C512 


65536x8 


250ns 


12.5 V 


12.95 


^o 


' WAR 


HM432S6LP-10 


32768x8 


100ns 


19.95 


1 MB-100 


1048576x1 


100ns 


37.95 


27C101-20 


131072X8 


200ns 


12.5V 


34,95 


^s/ 







* CALLTOCDHFiPHCUrlREnrT PRICES ■ 



■ CAUL TO CONF1HU CUflfltrlT PRICES * 



m c*i.l TO cor.-i" !?:;'..■ vj'i'-sLrvr pricls ■ 



INCLUDES MANUAL 1 SOFTWARE GUIDE 



CALL OUR WHOLESALE BERT. 
FOR VOLUME QUOTES 
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MICROPROCESSORS 




Esaa 


BOOO 


8SOO 


6502 


2.25 


8031 


3.95 


B253-5 


1.95 


6502A 


2 69 


8035 


1.49 


8254 


2.79 


6S02B 


4.2S 


8039 


1.95 


B255 


1.19 


65C02- 


7.95 


B052AH 




8255.5 


1.59 


6520 


1.65 


BASIC 


34.95 


9256 


15.95 


6522 


2.95 


8090 


2.49 


9259 


1.95 


6522A 


5.95 


8095 


1.95 


8259-5 


2.29 


6526 


13.95 


8095A.2 


3.75 


9272 


4.39 


6532 


5.95 


•064} 


6,49 


8274 


1.91 


6S45A 


3.95 


8088 


5.99 


S27J 


16.95 


6551 


2-95 


8088- 1 


12.95 


8279 


2.19 


6551A 


6.95 


80882 


7.95 


8279-5 


2.95 


* CMOS 




8155 


2.49 


9262 


3.95 






8156 


2.95 


8283 


3.95 






8155-2 


3.95 


8281 


2.25 






8741 


9.95 


8265 


3.95 






8742 


29.95 


9267 


3.95 






874B 


7.95 


8268 


195 


BBUL 


8749 


9.95 










8755 


14.95 






BSQ0 


1.95 


80286 


79.95 






6902 


2.95 


60286-6 


249.95 


Z-BO 


6803 


3.95 










6809 


2.95 






Z80-CPU 


1.25 


68B09 


5.99 


asm 


ZSDA-CPLf 


1.29 


6809E 


2.95 






.'MR- CPU 


2.75 


68B09E 


5.49 


8205 


3.29 


Z80A-CTC 


1,69 


6810 


1.95 


8212 


1.49 


Z00B-CTC 


4 25 


6820 


2.95 


3216 


1.49 


Z80A-DART 5.95 


5B21 


1.25 


8224 


2.25 


Z80B-DAHT 6 95 


6SB21 


1,05 


6228 


2.25 


Z90A-OMA 


5.95 


6B40 


3.95 


B237 


3.95 


Z80A-PIQ 


1 99 


6845 


2.75 


8237-5 


4.75 


Z80B-P10 


1.25 


6BB45 


4.95 


8238 


4.49 


ZBOA-SIO'O 


5.95 


6617 


4.75 


8213 


1.95 


ZSOB.SIO'O 12.95 


6950 


1.95 


8250 


6.95 


Z&OA-SIO-I 


5.95 


68B50 


1.7S 


8251 


1.29 


Z80A-SIO'2 


5.95 


6983 


22.95 


8251 A 


1.69 


Z60B-5IO2 12.95 


68000 


9.95 


8253 


1.S9 


ZS671BASIC9.95 


LINEAR COMPONENTS 




TL071 


.59 


LM380 


MB 


XR2206 


3.95 


TL072 


1.09 


LM383 


1.95 


XR22I 1 


2.95 


TL074 


1 95 


LM3B6 


ja 


LM2917 


1.95 


TL0B1 


,59' 


LM393 


.45 


CA3046 


.89 


TL082 


.99 


LM394H 


5.95 


CA3116 


1,29 


TLDB4 


1.49 


LM399B 


5.95 


MC3373 


1.29 


LM301 


.34 


TL494 


420 


MC317D 


1.95 


LM3Q9K 


1.25 


TL497 


3.25 


MC3480 


6.95 


LM310 


1.7S 


NE555 


.29 


MC34S7 


2.95 


LM311 


.59 


HE556 


.49 


LM3900 


.49 


LM311H 


.99 


NE556 


.79 


LM3909 


.98 


LM311K 


3.49 


HE564 


1.95 


LM391 1 


2 25 


LM3T2H 


1.75 


LM565 


-95 


LM3914 


1.89 


LM317T 


69 


LM566 


1.49 


LM3915 


1.89 


LM318 


1.49 


LM567 


.79 


MC4024 


3.49 


LM3T9 


1.25 


NE570 


2.95 


MC4044 


3,99 


LM323K 


3.49 


HE590 


2.50 


HC4136 


1.25 


LM324 


.34 


NE592 


.99 


RC4558 


.69 


LM331 


3.95 


LM723 


.49 


LM1360 


1,49 


LM331 


1.19 


LM733 


.99 


75107 


1.49 


LM335 


1.79 


LM741 


.29 


75105 


1,49 


LM336 


1.75 


LM747 


.69 


75110 


1.96 


LM338K 


4.49 


MCI 330 


1.99 


75150 


1 95 


LM339 


.59 


MCI 360 


1.19 


75154 


1.9S 


LF347 


2.19 


LM1456 


.35 


75168 


1.25 


LF353 


.59 


I Ml 488 


.49 


75189 


1.25 


LF356 


.99 


LM1 469 


.49 


75451 


.39 


LF3S7 


.99 


LM1496 


.95 


75452 


.39 


LMsn 


.59 


ULN2003 


.79 


75477 


1.29 



KiGH-TfewK 
SPOTLIGHT 

SIMMS SIIVSLE l\-U\C MEMORY MODULES 



3D DAY MONEY-BACK ELIARANTEE 
TOLL-FREE TECHNICAL SUPPORT 



PART HO. ORGANIZATION 
41 256A8B-15 256K X 9-BIT 
41256A8B-12 256K X 9- BIT 
41 256A8B-10 256K X 9-BIT 
42100A9B.10 1MB X 9-BIT 
42100A9B-10 1 MB X 9- BIT 
42100A9B-80 1 MB X 9-BIT 


SPEED PRICE 
150NS 89.00 
120NS 99.00 
100N5 129 00 
100NS 429.00 
10QNS 529.00 
SONS 599.00 


V-BO SERIES 

SPEED UP YOUR. PC BY 10 TO 40%! 

■ HIGH SPEED ADDRESS CALCULATION If. HARDWARE 

■ PI H COMPATIO LE WITH 8098 

■ SUPERSET OF 8089 INSTRUCTION SET 

■ LOW POWER CMOS 

V20' 5 MHZ 5.95 V20' 8 MHz 10.35 
V20 1 10 MHz 12 95 V30 8 MHz 13.95 


VOLTAGE 
REGULATORS 

7805T .49 7812K 1.39 
7806T .49 7905K 1.69 
7812T .49 7912K 1.49 
78 1ST .49 78L05 .49 
790ST .59 78L12 ,49 
7908T .59 79LEJ5 .69 
7912T .59 79L12 1,49 
79 1ST .59 LM323K 3.49 
7B05K 1.59 LM33SK 1.49 


T PALS 

1 16LB 2.95 

■ 16R8 2.95 

■ 16R6 2.95 
^6R1 2.95 

1 AYS. 101 3 3.95 
1 AY3-1015 4.95 

■ TR1602 3.95 

■ 2651 4.95 


MISCELLANEOUS "* 

AOC0B04 2.99 9334 1.75 
ADC0B09 3.85 9368 2.85 
DAC0B00 3.29 9602 .69 
DAC0SQ9 1.95 ULN2003 .79 
DAC1022 595 MAX232 7.95 
MC1409L9 1.95 MC3470 1.9S 
8T28 1.29 MC3487 2.95 
ST97 .59 A V 5-3800 
DP8304 2.29 PRO 11.95 


■ IM6403 9.95 
I INS6250 6.95 
fcNS 18450 10.95 

WlNTERSIL 

■ ICL7107 10.95 

■ ICL7660 1 .99 

■ ICL8039 3.85 

■ ICM7207A 5.95 





74LSOO TTL LOGIC 




74LS00 


.16 


7115112 


.29 


74L5241 


.69 


74LSD1 


.ia 


74LS122 


.45 


74L5242 


.69 


741502 


.17 


74LS123 


.49 


74LS243 


.69 


74LSD3 


.18 


74LS124 


2.75 


74LS241 


,69 


74LS01 


.16 


74LS125 


.39 


74LS245 


.79 


74LS05 


.18 


74LS126 


.39 


74L5251 


.49 


74LSOS 


-18 


74LS1 32 


.39 


74LS253 


.49 


74LS09 


.18 


74LS133 


,49 


74LS257 


.39 


74LS10 


16 


74LS136 


.39 


74LS25S 


.49 


74LS11 


.22 


74LS139 


.39 


71LS259 


1 29 


74LS12 


.22 


74LS139 


.39 


71LS260 


.49 


74LS13 


.26 


74LSI45 


.99 


71L5266 


33 


74LS14 


39 


74LS117 


.99 


74LS273 


.79 


74LS15 


.26 


74LS148 


99 


74LS279 


.39 


74LS20 


.17 


74LS151 


.39 


74LS2S0 


1.99 


71LS21 


.22 


74LS153 


39 


74LS2B3 


.59 


74L522 


.22 


74LS154 


1.49 


74LS290 


.89 


71LS27 


.23 


741.5155 


59 


74LS293 


.59 


71LS28 


.26 


71 LSI 56 


19 


74LS299 


1.49 


71LS30 


.17 


71 LSI 57 


.35 


74LS322 


3.95 


71LS32 


.18 


74 LSI 58 


.29 


74LS323 


2.19 


74LS33 


.29 


71LS160 


.29 


74LS365 


.39 


74LS37 


.26 


74LS161 


.39 


74L5367 


.39 


74LS3S 


.26 


74LS162 


.19 


74LS36B 


.39 


74LS42 


.39 


74LS163 


.39 


74L5373 


.79 


74LS17 


.75 


74LS164 


.49 


74LS371 


.79 


74LS4B 


.85 


74LS165 


,65 


74L5375 


.95 


74LS51 


.17 


74LS166 


.95 


74LS377 


.79 


74LS73 


.29 


74LS169 


.95 


74L5390 


1.19 


74LS71 


.24 


74LS173 


.49 


74LS393 


.79 


74LS75 


.29 


74LS1 74 


.39 


74LS541 


1.49 


74LS76 


.29 


74LS175 


,39 


74LS624 


1.95 


74LS83 


.49 


74LS191 


.49 


74LS640 


99 


74LS85 


.49 


74LS1 92 


.69 


74LS645 


.99 


74LS96 


.22 


74LS193 


.69 


74LS670 


.89 


74L590 


.39 


J4LS194 


.69 


74LS682 


3.20 


74LS92 


.49 


74L5195 


.69 


74LS688 


2.40 


74LS93 


.39 


74LS196 


.59 


74LS783 


22.95 


71LS95 


.49 


".LS^57 


.59 


25LS2521 


2.90 


74 LSI 07 


.31 


74LS221 


.59 


26LS31 


1.95 


74LS199 


.36 


74LS240 


.69 


26LS32 


l 95 



HIGH SPEEO CMOS LOGIC 




7400 SERIES LOGIC 



7400 
7402 

7401 
7406 
7407 
7408 

7410 
7411 
7411 
7416 
7417 
7420 
7430 
7432 
7438 
7442 
7145 
7447 
7173 
7474 
7475 
7476 
7483 
7485 
7586 
7489 
7190 
7493 



74121 
74123 
74125 
71150 
74151 
74153 
74154 
74157 
74159 
74161 
74164 
74166 
74175 
74367 

7W74M 

74F00 



29 
.49 
.45 

1.3S 
.55 
.59 

1.49 
.59 

1.6S 
,69 
-85 

1.00 



74F02 

74F04 

71FDS 

74F10 

74F32 

74F64 

74F74 

74F86 

74F138 

74F139 

74F253 

74F157 



74F240 

74S0D 

74502 

74S04 

74508 

74S10 

74532 

74S74 

74586 

74S112 

74S124 

74S138 

74S153 

74SI57 

74S158 

74S163 

74S175 

74S195 

74S240 

74S241 

74S244 

74S280 

74S287 

74S28S 

74S299 

74S373 

74S371 

74S471 

74S571 



1.29 
29 
.29 



95 
1.29 

.79 
1.49 
1.19 
1.49 
1.49 
1.95 
1.69 
1.69 
2.95 
1.69 
1.69 
4.95 
2.95 
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CRYSTALS 

32.768 KHl .95 

1.0 MHz 1(5 

1.6*32 2.95 

2.0 1 .95 

2.4578 1 .95 

3.579545 1.95 

4.0 1.95 

5.0 1 .95 

5.0688 1 95 

G.O 1 .95 

6.144 1.95 

9.0 1 .95 

10.0 1.95 

10.738635 1.95 

12.0 1.95 

14.31818 1.95 

15.0 1.95 

18.0 1.95 

1S.432 1.95 

20.0 1.95 

22.1184 1.95 
nsctl.l ATOMS 



DISCRETE 



1NT51 
IH54Q2 
IN40M 
IN4148 

KBP02 
PN222? 
2N2222 

2N290T 
2M3055 
2N3MM 

2N3906 
L 3N440I 



10/1.00 

25/1 .00 

J5 



2N44D3 

2N8M5 

MPS-A13 

TJP31 

■INK 

4N27 

JN2-S 

4N33 

4N37 

HCt-2 

HCT-6 

TSL-111 



SOWER STATION 

UL APPROVED 

■ A DJ U5TABL E H EAT SETTI NG'V 

■ TIP TEMPERATUR E READOUT 

■ REPLACEMENT TIPS 

AVAILABLE 12.95 
16B-2C 



CAPACITORS 



TANTALUM 

I.Ou/ 15V .12 

6.8 15V .42 

10 15V .45 

2! 15V .99 

I.Op/ 35V .45 

ZA 35V .19 

4.7 35V .39 

10 35V .59 

DISC 



ELECTROLYTICl 

RADIAL 

111/ 50V .14 

4.7 50V .1 1 

50V .11 

35V .13 

16V .15 

50V .23 

35V » 

2SV .30 

1SV .70 

25V 1.45 



10 
47 
100 



FULL 1 YEAR 



WARRANTY ON 
EVERY PRODUCT! 



WIREWRAP 
PROTOTYPE CARDS 



Ffl-4 EPOXY GLASS LAMINATE WITH COLD PLATED EDGE- 
CARD FINGERS AND SILK SCREE NEO LEGENDS. 



FOR PS/2 

JDR-PR32 32 BIT PROTOTYPE CARD 69.95 

J DR-PR1 6 1 6 BIT WTH 1.0 DECO DINS LAYOLTT 49 95 

JDR-PR16PK PARTS KIT FOR JDR-PR IS ABOVE 15.95 

JDR-PR16V 16 BIT FOR VIDEO APPLICATIONS 39.95 

FOR AT 

JDR-PR10 1EBIT WITH I'O DECODING LAYOUT 34.95 

JDR-PR10PK PARTS KIT FOR JDH-PR10 ABOVE 1 2.95 
FOR XT 

I JDR-PR1 WITH *5V AND GHOUND PLANE 27.85 

LJDR-PR2 AS ABOVE WITH liO DECODING LAYOUT29.95 , 



10pf 


50V 


.05 








22 


50V 


.05 


AXIAL 






33 


50V 


.05 


<p/ 


SflV 


14 


47 


50V 


.05 


10 


16V 


14 


100 


sov 


.05 


10 


SOV 


.1* 


220 


50V 


.05 


22 


15V 


14 


.UUlii 


' SOV 


.05 


47 


SOV 


11 


.005 


SOV 


.05 


100 


15V 


\t 


.01 


50V 


.07 


470 


SOV 


.» 


.05 


SOV 


,07 


1000 


16V 
16V 


?i 


.1 


12V 


.10 


2200 


711 


.1 


SOV 


.12 


4700 


16V 1.25 



POWER SUPPLIES 



BIT RATE 
GENERATORS 

MC14411 9.95 

BR1941 4.95 

4702 Ma 

COM5016 16.95 

COMBV.6 8.95 

MM5307 4.95 



BYPASS CAPA a TORS 
CERAMIC DISC 10015.00 
MONOLITHIC 100:10.00 

CERAMIC DISC 100/6.50 
MONOLITHIC 1 DO: 12. 50 

CLOCK CIRCUITS 

HC1 46818 5.95 MM58174 9.95 

I MM58167 9.95 MSM5S3Z 2.95 



APPLE TYPE SUPPLY 
m APPLE CONNECTOR 

■ 4.SV@6A,4l2V@3A, 
-5V@ 1A, -12V @1A 

PS-A $49.95 

FLOPPY DRIVE SUPPLY 

■ .5V g> 2.SA, .1 ;v <g. 2A. 
-12V0.1A 

■ -SV-S 5A. ir .12NOT 
USED 

PS-ASTEC $24.95 



DISK CONTROLLERS 




1771 


4.95 


2797 


29.95 


1791 


9.95 


8272 


4.39 


1793 


9.95 


UPD765 


4.39 


1795 


12.95 


MB8876 


12.95 


1797 


12.95 


MB8S77 


12.95 


2791 


19.95 


1691 


6.95 


2793 


19.95 


2143 


6.95 



IOC COWECTORS/RIBBOX CABLE 



DESCRIPTION 


ORDER BV 


CONTACTS 


10 i 20 I 26 I 34 I 40 I 50 


SOLDER HEADER 


IDHIIS 


,82 1.29 1.68 2.20 2.58 3.24 


RIGHT ANGLE SOLDER HEADER 


IDHMSR 


.85 1.35 1.76 2.31 2.72 3.39 
1.86 '2.98 3.84 4.50:5.28 6.63 


WIREWRAP HEADER 


IDHyyW 


RIGHT ANGLE WIREWRAP HEADER 


IDHxiWR 
IDS** 


2.05! 3.28 4.23 4.45 480 7.30 
.63 .69 .95' 1.29 1.49 1.69 


RIBBON HEADER SOCKET 


RIBBON HEADER 


IDMll 


- : 5.50 0.25 7.00 , 7.50 9.50 


RIBBON EDGE CARD 
10' PLASTIC RIBBON CABLE 


IDEM 
RCxx 


-BS ' 1.25 1 1.35 1 1.75 ' 2.05 2.45 
1.60 j 3.20 i 4.10 5.40 i 6.40 7.50 



FOR ORDERING INSTRUCTIONS, SEE D-SUBMINIATURE CONNECTORS BELOW 



D-SUBMIMIATURE CONNECTORS 



DESCRIPTION 




ORDER BY 


C 
5 . IS 


ONTACTS 

■I 25 


37 50 


MALE 


DBxxP 


.45 


.59 


.59 .69 


1.35 185 




FEMALE 


DBxxS 


.49 


.69 


.75 .75 


1.39 


2.29 


RIGHT ANGLE 


MALE 


DBxxPR 


.49 


.69 


- .79 


2.27 




PC SOLDER 


FEMALE 


DBxxSR 


.55 1 .75 


- .85 


;« 


™ 




DBxxPWW 


1.69 256 


- 3.89 


5.60 


_ 




FEMALE 


DBxxSWW 


2.76 4.27 


- 6.84 9.95 


- 


IDC RIBBON CABLE 


MALE 


ICBkiP 


1-39 : 1 -99 


- 1 2.25 4.25 


- 


FEMALE 


iDBjrS 
MHOODxx 

HOODxx 


1 45 
1.05 
.35 


2.05 


- ' 2.35 4.49 


- 


HOODS 


METAL 

PLASTIC 


1.15 IJSi 1.25 I - 

' .33 I - | .39 | .69 


.75 



ORDERING INSTRUCTtONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED 
IX- OF THE -ORDER BV PART NUMBER LISTED. EXAMPLE : A15PIN RIGHT ANGLE MALE PC 
SOLDER WOULD BE OB15PR 

MOUNTWS HARDWARE SSt 

IC SOCKETS/DIP COWXECTORS 



DESCRIPTION 



SOLDERTAIL SOCKETS 
WIREWHA'P S OCKETS" 
ZIF SOCKETS 

TOOLED SOCKETS 
TOOL E D WW SOCKETS_ ' 
COMPONENT CARRIEHS] 



xxST 



BFxx 

AUGATxxST 
JkLIGATxxWW 
ICCM 



.11 



,11 



.12 



15 



.99 



20 22 24 



.11 



.15 .20 



1.09 1.39 I.J 



DIP PLUGS (IOC) 

FOR ORDERING INSTRUCTIONS SEE D-SUBMINIATURE CONNECTORS ABOVE 



IDPxx 



455 4,95 _ 5.85 

.52 ' .79' ^89 ' 1.09 ' 1.29 1.39" 1.49 
1.30 : 1,80" 2.10 2-40 2-50 2.90 3-15 

.49 ' .59" .69" .99' ,99 ' .99' .99 
"""" .49 i ,59' 1.29" 1.4S! - ' .85 



5.95 6.85 9.95 



,95 



36 WATT SUPPLY 

■ ♦5V@! 54. .12VJ-.1.5A 

■ 3 PIN INPUT. 6 PIN OUTPUT 
(SELECTABLE 110V-220V 
5X3X1.6" 

PS-3045 $12.95 

MICRO SUPPLY 
■ UL APPROVED, 144 WATTS 
> tJVglBA. *12V0 4A. 

-12V@500MA 
PS-1554 $29.95 



•■SNAP ABLE' 
HEADERS 

CAN BE SNAPPED APART 

TO MAKE ANY SIZE HEADER. 

ALL WITH ,r CENTERS 

1X40 STRAIGHT LEAD .99 

1x40 RIGHT ANGLE LEAD .49 

2X40 2 STRAIGHT LEADS 2.49 

2x40 2 RIGHT ANGLE LEADS 2.99 



EXTENDER CARDS 

FOR PROTOTYPE DEBUGGING. 
TESTING AND TROUBLESHOOTING. 

EXT-8088 XT COMPATIBLE 29,95 

EXT-80286 AT COMPATIBLE 39.95 

EXT- 16 MICROCHANNEL 16 BIT 69.95 

i EXT-32 MICROCHANNEL 32-BIT 99.95 i 






SOLDERLESS 
BREADDDA RDS 



WBU-204-3 1380TIEPTS 12.95 

WB U -204 166DTIEPTS 19.95 

WSU-206 2390 TIE PTS 24.95 

WSU-208 3220 TIE PTS 34.95 



« It , 



r 



4 Witt 



EPROM ERASERS 

■•ft l 1 nn \ ics coHPORATioni 



GENDER CHAMBERS 

GENDER-FF FEMALE-FEMALE 7.9! 
GENDER-MM MALE-MALE 7.95 

GENDEH-MF MALE-FEMALE 7.95 
GENDER-NM NULL MODEM 8.95 

GENDER -J B JUMPER BOX 8.95 
GENDER-MT MINITESTER 14.95 



PE140 

PE-140T 

PE240T 



Timer * 01 Untcrsity Unll 
Chlpi (nW/Cml , cotl 



■4 s - 



NO 9 
YES 9 
YES : 12 



3,000 J 89 
8,000 11 39 
9,800 1189 



I DATARASE II B33.9S \ 

SHIRT POCK 7 SI2E! ■ ERASES 

MOST EPROMS'EPLD'S IN 3 MINUTES 

ALL SIZES UP TO 4 AT A TIME 

DATA RASE II 



'«.«. 



RS-B3S 
BREAKOUT BOX 

FOR TROUBLESHOOTING 
SERIAL COMMUNICATIONS 

W OPEN CLOSE 

INDIVIDUAL CIRCUITS 

■ 20 JUMPERS CROSS- 
CONNECT ANY TWO - -" 
CIRCUITS 
I 10LEDSSHOW 
CIRCUIT ACTIVITY | 

GENDER-BO 34.95 



\ SHORTING] 

BLOCKS 

sim.00 



*■' 



LITHIUM BATTERIES 



m 6 8V FOR 286U86 COMPUTERS 

■ MOTHERBOARD CONNECTOR 

■ ADHESIVE VELCRO STHIPFOR 
EASY MOUNTING 

LITHIUM 6.8V $11.95 



-^ 



LITHIUM-3V 3V COIN TYPE LITHIUM BATTERY 
3V-MHW BATTERY HOLDER 



SI .95 
$1.49 



JDR JVIICRODEVICES 110 KNOWLES DRIVE. LOS GATQS CA 95030 
LOCAL [488] B66-6200 FAX (408) 378-8927 TELEX 171-110 

RETAIL STORE: 1256 SOUTH BASC01YI AVE., SAM JOSE. CA 
HOURS: M0N.-FRI. 9-7, SAT. 9-5. SUN. 12-4 (40S) 947-8881 



TERMS MINIMUM ORDER StO 00 FOR SHIPPING AND HA HO L If* G INCLUDE 5? iO f OR DPS 
GROUND AND S3 SO DPS AIR ORDERS OVER 1 LB AND FOREIGN' ORDERS MAY fit uiimi 
ADDITIONAL SHIPPING CHARGES PLEASE CONTACT THE SALES DEPARTMENT FOR THE 
AMOUNT CA RESIDENTS MUST INCLUDE APPLICABLE SALES TAB PRICES ARE SuEUECT 
TO CHANGE WITHOUT NOTICE Wt ARE NOT RESPONSIBLE FOP TYPOGRAPHICAL 
ERRORS WE RESERVE THE RIGHT TO LIMIT QUANTITIES AND TO SUBSTITUTE 
MANUFACTURER ALL MERCHANDISE SUBJECT TO PRIOR SALE A FULL COPV OF OUR 
TERMS IS AVAILABLE OPON REDDEST ITEMS PICTURED MAY ONLY BE REPRESENTATIVE 



ORDER TOLL FREE 800-538-5000 



COPYRIGHT 1589 JOH MlCRODEVlCES 



CONTINENTAL US 



CIRCLE 171 ON FREE INFORMATION CARD 
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MICROCOMPUTER 
MARKETING COUNCIL 



JDR Microdevices 

■ 30 DAY MONEY BACK GUARANTEE • 1 YEAR WARRANTY ON ALL PRODUCTS - TOLL-FREE TECHNICAL SUPPORT 

■ COMPLETE CUSTOMER SATISFACTION • SUPFRIOR SERVICE • FRIENDLY. KNOWLEDGEABLE SALES STAFF 



g 

-z. 
O 
IE 
H 
O 

w 

LLI 

o 

Q 
< 

Ql 






INTERNAL B4DO BAUD 

M AUTO DIAL ANSWER 

■ SELF TEST ON POWER-UP 
> FULL OF HALF DUPLEX 

■ TOUCHTONE OR PULSE DIALING 

■ HAVES 8 BELL SYSTEMS COMPATIBLE 

m MIRROR II COMMUNICATIONS SOFTWARE INCLUDED 
PRO-24I S1 29.95 

PRO-121 1200 BAUD 1(2 CARD $69.95 

PR 0-24 M 2400 BAUD FOR PS/2 $249.95 

EXTERNAL &400 BAUD 

* 2400*12001300 HAVES COMPATIBLE 

m 8 EASY TO-READ STATUS LED'S 

■ CALL PROGRESS MONITORING a ADJUSTABLE VOLUME 

■ 2ND PHONE JACK FOR VOICE COMMUNICATIONS 

■ REQUIRES SERIAL PORT £ CABLE (OPTIONAL] 
PRO-24E $169.95 
PRO-12E 1200 BAUD EXTEHNAL S99.95 

APPLEI MACINTOSH MODEMS 

MACINTOSH 2400 BAUD EXTERNAL AS ABOVE WITH C BLE 
AND PROCOM-M SOFTWARE. 

PRO-24EM $199.95 

PRD-24A APPLE II 2400 BAUO MODEM J1 79,95 

PRO-1 2A APPLE II 1200 BAUD MODEM S1 39.95 



POCKET MODEM 

m 



cvc 



'%/ 



YOU'LL NEVER 

BE FAR FROM YOUH 

DATA WITH THIS 6 OUNCE 

HAND-HELD POCKET MODEM 

» 1200/300 BAUD ■ BATTER V S AC POWER 

■ SEfllAL INTERFACE (OB25) « 4 STATUS INDICATORS 

GVC-12P 

GVC-24P 2400 BAUD VERSION $249.95 



i U I 1 I (III 



Ll-UJUXI 




KEYBOARDS 

WITH TACTILE FEEDBACK 

MAX-5339 E NHANC E D ST YLE LAYOUT S34.95 

MAX-5Q60 84 KEY LAVOUT $64.95 

BTC ENHANCED STYLE LAYOUT 

m AUTOSENSE FOR XT OR AT COMPATIBLES 

■ LEO INDICATORS ■ AUTO REPEAT FEATURE 

■ SEPARATE CURSOR PAD 

BTC-5339 $79.95 

BTC B4 KEY LAYOUT 

m SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 

■ LED INDICATORS ■ AUTO REPEAT 

BTC -5 060 $59.95 

BTC AUDIBLE "CLICK" KEYBOARD | 

■ ENHANCED STYLE. 101 KEV KEYBOARD 

■ LED INDICATORS ■ AUTO REPEAT 
K-103-A SB4.95 



DFI HANDY SCANNER 
4DO DPi 

$1 



NOT ALL HANDY SCANNERS 
ARE THE SAME 1 

> INSTANTLVSCANSUPTOj 
4" WIDE IMAGES 

> 1 00. 200. 300. 400 DPI 
BOTH DIRECTIONS 

> BSW AND 3 HALF-TONE 
WOOES 

■ 32 LEVELS OF GRAY SCALE 

m HERCULES. CGA AND EGA COMPATIBLE 

> INCLUDES HALO DPE AND IMAGE EDITOR SOFTWARE 

.HS-3000 



LOGITECH HiREZ 
MOUSE 

mi 



HIGH RESOLUTION BUS MOUSE FOR BETTER RESPONSE 
AND LESS HAND MOVEMENT IDEAL FOR CAD WORK 
■ 320 DPI ■ INCLUDES DRIVER TEXT EDITOR* POP UP 
MENUS ■ NO PAD POWER SUPPLY OR PORT REQUIRED 

LOGITECH 3-BUTTBN MOUSE 

PC MAGAZINE EDITORS CHOICE 1 ALL MODELS HAVE 
SERIAL SUPPORT (COM1/COM2). 200 D P.I RESOLUTION. 
LOTUS 1-2-3 SHELL. SELF-INSTALLING SOFTWARE AND 
■POINT EDITOR- 

LMOUSE $79.95 

LMOUSE-P SERIAL MOUSE W/LOGIPAINT $99.95 

LMOUSE-BP BUS MOUSE WfLOGI PAINT $99.95 

LMOUSE-BP6L BUS MOUSE W/PUBLISHEH PKG 139.95 
LMOU SE- BPC BUS MOUSE WiLOGI PAINT/CAD $149.95, 



34-HR. OX-LINE ORDERING! 

[40BJ 374-B171 

JOfl'4 ELECTRONIC BULLETIN BOARD OFFERS 
TECHNICAL SUPPORT. CONFERENCING AJSID MORE 



DATA SWITCH BOXES 



TYPE 



#OFPOS. PARALLEL SERIAL 



PRICE 



PUSHBUTTON 2-WAY 
ROTARY 2-WAV 

ROTARY 3-WAV 

ROTARY 4-WAY 



AB-P 
RSP-2P 
RSP-3P 
RSP-4P 



AB-5 39.95 

RSS-2S 24.95 
RSS-3S 27,95 
RSS-4S 23J5. 



CBL-PRINTER PC PRINTER CABLE 

C B L-PRI NTE R-25 AS ABOVE - 25 FOOT 
CBL-PRINTER-RA hight angle printeh 



MOLDED COMPUTER CABLES 

HIGH OUALITY GOLD-PLATED CONTACTS. CABLE AND 
CON NEC TORS ARE 1 00% SHIELDED. MOLDEDASSEMBLY 

$9.95 

$15.95 

$15.95 

$9.95 

$9.95 

$6.95 

$7.95 

$14.95 

$3.95 

$4.95 

$6.95 

$9.95 

$6.95 

$7.95 



CBL-DB25-MM 

CBL-DB25-MF 

CBL-9-SERIAL 

CBL-KBD-EXT 

CBL-CNT-MM 

CBL-HD-20 

CBL-HD-34 

CBL-HD-34D 

CBL-FDC-EXT 

CBL-MNT-9 

CBL-MODEM 



DB2S MALE TO DB25 MALE 
DB25 MALE TO DB25 FEMALE 
9 PIN TO 25 PIN SERIAL 
KEYBOARD EXTENSION 

36 PIN CENTRONICS-M'M 
20 PIN HARD DISK CABLE 
34 PIN HARD DISK CABLE 
34 PIN DUAL HARD DISK 

37 PIN EXTERNAL FLOPPY 
9 PFN MONITOR EXTENSION 
DB25 TO DB25 FEMALE 



VGA COMPATIBLE 
PACKAGE 

JOO 

I 300X660 
MAXIMUM 
RESOLUTION 

■ 540 X 480 IN 
16 COLORS 

■ 320 X 200 IN 
250 COLORS 

■ IBM STYLE 
ANALOG 
MONITOR 

■ FULLY VGA. EGA, 
CGA. HERCULES 
I MONOCHHOME 
COMPATIBLE 

VGA-PKG 



NEC MULTISYNC II * 593. 95 

m AUTO FREQ ADJUSTMENT ■ RESOLUTION AS HIGH AS 
BOO X560 ■ TEXT MODE i TEXT COLOR ■ INCL. ADAPTOR 
NEC-MULTI 




JDR MULTI 



$439.95 



M FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 
COLORS ■HIGH RESOLUTION. 14* NON-GLARE OISPLAV 

■ AUTO SWITCHING ■ TTL/ANALOG VIDEO INPUT 
JDR-MULTI 

RELISYS EEA $399.95 | 

■ SOOX5S0 MAXIMUM RESOLUTIONS .31 MM DOT PITCH 

■ 14' BLACK MATRIX SCREEN* 16 COLORS SWIVEL BASE 

EGA- MONITOR 

| EGA SPECIAL • SA VE $60! j 

BUY THE HEUSYS EGA AND THE MCT EGA CARD TOGETHER | 
AND SAVE SS0.00 JUST $489.00 

RED MONITOR SE73.BB | 

> COLOR/GREEN/AMBER SWITCHB .41 MM DOT PITCH 

■ 640 X 240 RESOLUTIONS 14" NOW -GLARE SCREEN 

Ji TILT AND SWIVEL BASE 

RGB-MONITOR 

FLATSCREEN B139.95 I 

> LOW DISTORTION 14- GLARE-RESISTANT AMBER SCREEN | 

■ 720 X 350 MAXIMUM RESOLUTION • IBM COMPATIBLE 
TTL INPUT ■ SWIVEL BASE 

GM-1488 

MONO-SAMSUNG WITH 12"SCREEN $129.95 



TILT & SWIVEL MONITOR STANDS 

MS-100 $12.95 

MS-200 5 OUTLETS AND SURGE SUPPRESSOR $39.95 , 



UPRIGHT CASE 

Bgggas a 



SLEEK UPRIGHT DESIGN SAVES 
SPACE. ADDS STYLE 1 

■ ACCOMODATES ALL 
SIZES OF MOTHEHBOAROS 

■ 250 W POWER SUPPLY 
INCLUDED 

■ MOUNTS FOR 3 FLOPPY 

5 4 HARD DRIVES 

■ TURBO S RESET SWITCH 

■ SPEED DISPLAY. POWER 

6 DISK LED'S 

■ INCL MOUNTING HARDWARE. 
FACEPLATES £ SPEAKER 

CASE-100 

CASE-FLIP FOR COBS MOTHEH BOARDS 
CASE-SLIDE FOR SOBS MOTHERBOARDS 
CASE-70 FOR 286 MOTHERBOAHDS 

CASE-JR MINI-2B5WIPOWER SUPPLY 




$34.95 

$39,95 

$59.95 

$149.95 j 



POWER SUPPLIES 

ALL OUR POWER SUPPLIES ARE UL APPROVED 1 1 0220V 
PS-135 IBM XT COMPATIBLE. 135 WATTS $59.95 

PS-150 IBM XT COMPATIBLE. 150 WATTS $69.95 

PS-200 IBM AT COMPATIBLE. 200 WATTS $89.95 

PS-250 IBM AT COMPATIBLE. 250 WATTS $129.95 J 
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* ULTRAHIGH DENSITY 
■ ALSO WORKS WITH 7MK DISKS 
FDD-1.44X BLACK FACEPLATE 
FDD-1.44A BEIGE FACEPLATE 
FDD-SOFT SOFTWAHE OHIVFJR $19.95 



1/2 HEIGHT FLOPPY DISK DRIVES 



FD-55B 

FD-55G 

M25S1A 

MZ553K 

FDD-360 

FDD- 1.2 

MF355X 

MF355A 

FDD-3 5X 

FDD3.5A 




Kits include a Seagate hard disk drive, 
drive controller, cables and instructions. 
HDKIT20 20 Mb System Kit 
HDKIT30 30 Mb System Kit 



Mb kit 
Mb kit 




5-114" TEAC DSrfDD 360K 

5-1 W TEAC DSIHD I.JM 

5-1 »" FUJITSU DSIDD 360K 

5-1M" FUjrTSU DSHD I.2M 

5-1 »■ DSIDD 3BOK 

MM" DSIHD 1.JM 

3-1 (2- MITSUBISHI 1.44MB (BLACK) 

3-1 IE" MITSUBISHI 1.44MB (BEIGE) 

3-112" DSIDD 7ZOK [BLACK) 

3-lffl" DSIDD 7»K (BEIGE) 

TAPE BACK-UP DRIVES 

AR5240X ARCHIVE TAPE DRIVE -XXS S ATS S369.95 
AR5540A FASTER TAPE DRIVE -ATS ONLY (369.95 
AH 340 m MB TAPE CARTRIDGES $24.95 

DISKETTES 

N-MD2D B0XOFirj5-U4*36QKDK'DD $6,95 

N-MD2H BOX OF 1 5- 1 14" 1.2 MB DS/HD (13.95 

N-3.5DS BOX OF 1D3.1V2*720K DS/DD $16,95 

N-3.5HD BOX OF 10 3-1/?* 1-44 JWB DSIHD (49.95 

N- MD2D B U LK 360K OSJDD (MIN . 50 DISKS) E A . 49c 

DRIVE ACCESSORIES 

FD-ARAIL MTG .RAILS FOR AT COMPATIBLE $2.95 

FD-65MHW HALF- HEIGHT MOUNTING HARDWARE $2.95 
FD-5Y y-POWEH ADAPTOR FOR DRIVES $2.95 

FD55P BEIGE FACEPLATE FOH TEAC DRIVES $2.95 



SIZE 


MODEL 


AVG. 
SPEED 


HT. 


DRIVE 
ALONE 


WITH MCT COHTHOI.L.ER 


HDC 


RLL 


AFH 


AFH-RLL 


20MB 


ST-225 


65 rrts 


Half 


S225 


$269 


- 


$339 


- 


30MB RLL 


ST-238 


65 ms 


Half 


$243 


- 


$299 


• 


$369 


40MB 


ST-251 


40 ms 


Half 


$379 


$419 


• 


$489 


■ 


40MB 


ST-251 -1 


2Sms 


Half 


$469 


$449 


- 


$519 


- 


60MB RLL 


ST-277 


40 ms 


Half 


$449 


■ 


$499 


• 


$589 


30MB 


ST-4038 


40 ms 


Full 


$559 


$603 


. 


$659 


. 


60MB 


ST-4096 


28 ms 


Full 


S629 


- 


- 


$729 


■ 



INBOARD 38G/PC 





UPGRADE YOUR XT TO A 386 FOR LESS THAN WOO 

■ 1 s MHZ PROCESSOR REPLACES SOBB 

■ 1 MB MEMORY INSTALLED 

■ EXPAND TO 3 MB WITH PIGGYBACK CARD 

■ 5 YEAR WAHHANTY 
PCI B 1200 

PIGGYBACK MEMORY BOARDS 
PCIB1210 I MB INSTALLED 
PCIB1220 2 MS INSTALLED 



"Your products and prices have kept us coming 
back now tor two years. ..keep up the good work." 
-PS, Sterling Heights, Ml 

"We'll continue la do business with you whenever 
ws can." -James HHIogsss, Minneapolis, MM 

"...I will not hesitate to order anything from JDR 
—because I know your policy is to stand behind 
your products 100%." 

-Robert Rlndy, Grand Forks, NB 

"A note thanking your technical support staff in 
helping me with my computer problem.. ..(They 
are) very thorough and knowledgeable. Thanks E 

-J.F., Troy. Ml ■■ 




INTERFACE CARDS 

BY MODULAR CIRCUIT TECHNOLOGY 



DISPLAY ADAPTORS 

msB.as 



DRIVE CONTROLLERS 

FLOPPY DISK CONTROLLER *g3.H5 

SINGLE SLOT CONTROL OF 4 FLOPPIES 

M INTERFACES UP TO 4 FDD S TO AN IBM PC OR 

COMPATIBLE ■ SUPPORTS DSIDD AND DSIQO Wl DOS 3.2 

MCT-FDC 



1. g MB FLOPPY CONTROLLER 

ADD VERSATILITY AND CAPACITY TO YOUR XT 
■ SUPPORTS 2 DRIVES, CAN MIX 360K AND 1 .2 MB 

m allows data to flow ffieely from xts to ats 
MCT-FDC-1.2 

FLOPPY IHARO CONTROLLER 0133.35 

XT system short of slots? this card frees ONE UP' 

INTERFACES UP TO 2 FDD'S & 2 HDDS, CABLING FOR 2 

FDDH HDD ■ SUPPORTS BOTH DSIDD i DSIQO WlOOS 3 2 

mct-fh 



PBG/3BB FLOPPY IHARO 

FLOPPY/ HARD DISK CONTROL IN A TRUE AT DESIGN 
> SUPPORTS UP TO 2 360K I720KI 1 .2 MB FDD'S 

■ SUPPORTS 2 HDOS USING STANDARD TABLES 
MCT-AFH 

HARD DISK CONTROLLER 073.35 

HARD DISK CONTROL AT AN ECONOMICAL PRICE 

■ SUPPORTS 16 DRIVE SIZES INCLUDING 10.20.30 S 40 MB 

■ DIVIDE 1 URGE DRIVE INTO 2 LOGICAL DRIVES 
MCT- HDC 



RLL CONTROLLER 

TRANSFER DATA 50% FASTER 

■ SUPPORTS UP TO 2 RLL HARD DRIVES 

■ DESIGNED FOR XT COMPATIBLES 
MCT-RU_ 

BBGI3BE FLOPPY/HARD RLL 9133.35 

IMPROVE SPEED AND STORAGE OF VOUR AT COMPATIBLE 
m SUPPORTS UP TO 2 RLL HARO DISCS AND 2 FLOPPIES 

■ SUPPORTS 36DW20I 1 2 MB FLOPPIES IN 5 25" t. 3 5' 

MCT-AFK-RLL 



MULTIFUNCTION CARDS 

MULT I I/O FLOPPY CONTROLLER 073.35 

A PERFECT COMPANION FOR OUR MOTHERBOARDS 

■ SUPPORTS UP TO TWO 360K FLOPPIES, 720K VII DOS 3.2 

■ SERIAL. PARALLEL. GAME FORT. CLOCK/CALENDAR 
MCT-MK) 

MI0 -SERIAL— 2ND SERIAL PORT $15.95 

MULTinacARo mss.35 

USE WITH MCT-FH FOR MINIMUM OF SLOTS USED 

■ SERIAL PORT. CLOCK! CALENDAR WITH BATTERY 

• PARALLEL PORT ADDRESSABLE AS LPT1 OR LPT2 

MCT-10 



BBBI3BB MULTIFUNCTION 

ADDS UP TO 3 MB OF RAM TO YOUR AT 

M USER EXPANDABLE TO 1 ,5 MB OR 3 MB WITH OPTIONAL 

PIGGYBACK BOARD (OK INSTALLED! > INCLUDES SERIAL 

AND PARALLEL PORT 

MCT-AMF 

MCT-AMF-MC PIGGYBACK BOARD S29.9S 

AID -SERIAL 2ND SERIAL PORT $24.95 

BBB/3BBMULTII/OCARO m53.35 

USE WITH MCT-AFH MINIMUM OF SLOTS USED 

■ SERIAL. PARALLEL AND GAME POHTS ■ USES 1 6450 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 
MCT-AI0 

AID-SERIAL 2ND SERIAL PORT $24.95 

MEMORY CARDS 

57GK RAM CARD 953.35 

A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT 

■ USER SELECTABLE CONFIGURATION UP TOS76K 

■ USES6JK S256KHAMCHIPS(0« INSTALLED) 
MCT-RAM 



EXPA NOED MEMOR YCARB 

2MB OF LOTUS INTEL MICROSOFT MEMORY FOH AN XT 

■ CONFOHMS TO LOTUS INTEL EMS U USER EXPAND- 

ABLETO2MB ■ CAN BE USED AS EXPANDED OR 

CONVENTIONAL MEMORY. RAMDISK AND SPOOLER 

MCT-EMS 

MCT-AEMS 286,386 VERSION $139.95 



TRUE HERCULES COMPATIBILITY SUPPORTS LOTUS 1-2-3 

■ PARALLEL PRINTER PORT CONFIGURES AS LPT1 OR 
LPT2 ■ USES VLSI CHIPS TO ENSURE RELIABILrTY 

MCT-MGP 

ESA ADAPTOR «4B. 35 

100% IBM COMPATIBLE PASSES IBM EGA DIAGNOSTICS 

■ 256K OF VIDEO RAM ALLOWS MO X 350 IN 16 OF 64 

COLORS ■ COMPATIBLE WITH COLOR AND MONO- 
CHROME ADAPTORS ■ HERCULES COMPATIBLE 

MCT-EGA 

COLOR GRAPHICS ADAPTOR 943.35 

COMPATIBLE WITH IBM GRAPHICS STANDARDS 

■ SUPPORTS RGB. COLOR, i COMPOSITE MONOCHROME 

* 6J0I320 JC200 RESOLUTION, LIGHT PEN INTERFACE 

MCT-CG 

SONOGRAPHICS MULTI I/O 003.75 

TOTAL SYSTEM CONTROL FROM A SINGLE SLOT 1 

■ CTRL 2 FLOPPIES. SERIAL. PARALLEL. GAME PORT. 
CLOCK CAL ■ RUN COLOR GRAPHICS SOFTWARE ON A 
MONOCHROME MONITOR 

MCT-MGMI0 

gBB/3BGMONOBHAPMICSI/a 033.35 

USE THIS "DO EVERYTHING" CARD TO HOOK UP YOUR 
MONOCHROME MONITOR. PARALLEL PRINTER, MODEM AND 
JOYSTICK AT THE SAME TIME. THE ONLV OTHER CARD 
YOUR SYSTEM NEEDS IS A FLOPPYIHARD CONTROLLER 

> AT COMPATIBLE 

m 720 X 34B RESOLUTION, B0 S 1 32 COLUMN TEXT 

* PARALLEL, SERIALS GAME PORTS 

M HERCULES COMPATIBLE MONOGRAPH CS 

> INCLUDES SOFTWARE FOR RUNNING COLOR GRAPHICS 
PROGRAMS ON A MONOCHROME MONITOR 

MCT-MGAI0 




JDR MICRODE VICES. 110 KN0WLES DRIVE. LOS GAT0S, CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

WtttCflNll 

—■-4 RETAIL STORE: 1256 SOUTH BASCQM AVE,, SAN JOSE. CA 

HOURS: MON.-Ffll. 9-7, SAT, 9-5, SUM, 12-4 (408) 947-8BB1 



TERMS MiMMijM ORDER $10 00 FOR SHIPPING AND HANDLING INCLUDE S? SO FOR UPS 
GROUND AND S3 5C UPS AIR ORDERS OVER 1 L B AND FOREIGN ORDERS WAV REQUIRE 
ADDITIONAL SHIPPING CHARGES-PLEASE CONTACT THE SALES DEPARTMENT FOR THE 
AMOUNT CA RESIDENTS MUST INCLUDE APPLICABLE SALES TAX PRICES ARE SUBJEC 1 
TO CHANCE WITHOUT NOTICE WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL 
ERRORS WE RESERVE THE RIGHT TO LIMIT QUANTITIES AND TO SUBSTITUTE 
MANUFACTURER ALL MERCHANDISE SUBJECT TO PRIOR SALE A FULL COPY OF OUR 
TERMS IS AVAILABLE UPON REDDEST ITEMS PICTURED MAY ONLV BE REPRESENTATIVE 



ORDER TOLL FREE 800-338-5000 



COPVH1GHT 1989 JDR MICRODEVICES 



CONTINENTAL U.S. 
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BUILD YOUR OWN SYSTEM 



fTP. 



*-*- f l I • i I I t k I I t-lf" 

ife- ^ 



O/e/? 20,000 JDfl SYSTEMS H4fEj(ll»E,flDY 

fi£ew eu/i T. eas y to assembl e in just 2 

HOURS WITH A SCREWDRIVER. 



tBMHZMIM-BBG $1032,75 

m 12 MHZMINI-2B6 MOTHERBOARD* 51 ?K RAM MEMORY 

■ MINI AT CASE WITH POWEH SUPPLY 

■ 84 KEY KEYBOARD ■ MONOCHROME MONITOR 

■ 1.2 MB FLOPPY DRIVE ■ FLOPPY I HARD CONTROL 

■ GRAPHICS ADAPTOR 



tO MHz TURBO BOBS *EGt. OO 

M INCLUDES SERIAL PORT, 2 PARALLEL PORTS, CLOCK' 
CALENDAR AMD GAME ADAPTOR ■ RUNS COLOR 
GRAPHICS ON A MONOCHROME MONITOR. 

■ MOTHERBOARD ■ 256K RAM MEMORY ■ 135 WATT 
POWER SUPPLY ■ FLIP-TOP CASE ■ 84 KEY KEYBOARD 

■ 860K FLOPPY DRIVE ■ MONOGRAPHICS J.'0 CARD 

■ MONOCHROME MONITOH 



NEW! MODULAR PROGRAMMING SYSTEM 

g MODULAR GtRCUIT TECHNOLOGY 

THE IDEAL SYSTEM FOR DEVELOPERS; AN INTEGRA TED MODULAR SYSTEM THA T EXPANDS 
AS YOUR NEEDS GROW. ALL THE MODULES USE A COMMON HOST ADAPTOR CARD SO YOU 
NEED JUST ONE SLOT TO PROGRAM EPHOMS, PROMS. PALS AND MORE. 



HOST ADAPTOR CARD 



mma.as 



m A UNIVERSAL INTERFACE FOR ALL THE PROGRAM 
MING MODULES 

■ USER SELECTABLE PROGRAMMABLE ADDRESSES 
PREVENT ADDRESSING CONFLICTS 

m INCLUDES MENU-DRIVEN SOFTWARE PACKAGE 

■ INCLUDES MOLDED CABLE 
MCT-M AC 



EPROM MODULE $09.35 

M PROGRAMS 24 32 PIN EPROMS. CMOS EPROMS AND 
EEPROMS FROM 16K TO 1024K 

■ HEX TO OBJ CONVERTER 

■ AUTO, BLANK CHECKPRCK3RAMWERIFY 

■ VPP 5, 1 2.5, 1 2. 75 , 13,21*25 VOLTS 

■ NORMAL. INTELLIGENT. INTERACTIVE, £ QUICK PULSE 
PROGRAMMING ALGORITHMS 

MCT-M EP 

MCT-MEP-4 FOUR-EPROM PROGRAMMER S1 69.95 
MCT-MEP-8 EIGHT EPROM PROGRAMMER S259.95 
MCT-MEP- 16 SIXTEEN EPROM PROGRAMMER $499.95 



UNIVERSAL 
MODULE 



9433.33 



m PROGRAMS EPROMS. EEPROMS. PALS. B|. POLAR 

PROMS. 8738 S 8751 SERIES DEVICES 
m PROGRAMS 16V8 £ 20VB GALS (GALLIUM ARSENIDE) 

FROM LATTICE. NS. SGS 

■ TESTS TTL. CMOS. DYNAMIC A STATIC RAMS 

■ LOAD D!SK. SAVE DISK EDIT BLANK CHECK 
PROGRAM. AUTO. READ MASTER. VERIFY * COMPARE 

■ TEXTOOL SOCKET ACCEPTS 3 TO .«■ WIDE ICS FROM 
8.40 PINS 

MCT-MUP 



MOTHERBOARDS 

TURBO 4.77IB MHz $33.35 

M XT COMPATIBLE ■ NORTON SI 1,7 M 4.77 OR 8 MHZ 
OPERATION WITH 8088-2 AND OPTION-AL 8087-2 CO- 
PROCESSOR ■ FRONT PANEL LED SPEED INDICATOR 
AND RESET SWITCH SET SUPPORTED > CHOOSE 
NORMAL/TURBO MODE OR SOFTWARE SELECT 
PROCESSOR SPEED 
MCT-TURBO 
MC T-XMB STANDARD MOTHERBOAH D S87.95 



to MHz SIMBLE CHIP 



$129.95 



* XT COMPATIBLE ■ NORTON SI 2.1 ■ USES LESS 
POWER. IMPROVES RELIABILITY ■ KEY SELECTABLE 
SPEED. 4.77 MHZ OR 10 MHZ ■ 2.3 TIMES FASTER THAN 
A STANDARD ■ RESET SWITCH. KEYLOCK, S SPEED > 
POWER INDICATORS SUPPORTED 
MCT-TURBO-10 



BOBBB DUO MHz S37B.3S 

m AT COMPATIBLE ■ LANDMARK AT SPEED10 MHZ 

■ NORTONSI 10.3* 8 SLOTS [TW08BIT. SIX It 

BIT) ■ HARDWARE SELECTION OF 6 OR 10 MHZ 

■ FRONT PANEL LED INDICATOR V SOCKETS FOR 
1 MB OF RAM AND 80287 ■ ONE WAIT STATE 

■ BATTERY BACKED CLOCK M KEYLOCK 
SUPPORTED ■ RESET SWITCH 
MCT-2B6 



te MHz MIIVI-BBE 



$399.95 



m AT COMPATIBLE ■ LANDMARK AT SPEED 13.2 MHZ 

■ NORTON SI 11.6 ■ 6 MHZ. tO MHz (01 WAIT STATE). 
12 MHZ (1 WAIT STATE) ■ 2YM0S ASICS FOR FEWER 
CHIPS. GHEATER RELIABILITY ■ SUPPORTS S12K-1024K 
MEMORY ■ RECHARGEABLE HIGH CAPACITY NI-CAD 
BATTERY ■ SIX 16 BIT SLOTS. TWO BBIT SLOTS 

■ MOUNTS IN STANOARD XT CASE 
MCT-M 286-12 

MCT-M286 6 '0 MHZ MINI 80286 BOARD $369.95 



DIGITAL IC MODULE -HE3.3S 

a TESTS TTL. CMOS. DYNAMIC S STATIC RAM 

■ AUTO SEARCH FOR UNKNOWN PART NUMBERS 

■ USER PROGRAMMABLE TEST PROCEDURES 
MCT-M IC 



B74B MODULE 



$179.95 



PAL MODULE 



•249.95 



* PROGRAMS MMI, NS. Tl 20 & Tl 24 PIN DEVICES 

■ BLANK CHECK, PROGHAM, AUTO. READ MASTER. 
VERIFY* SECURITY FUSE BLOW 

MCT-M PL 

PAL PROGRAMMING DEVELOPMENT SOFTWARE 
MCT-MPL-SOFT S99.9S 



EPROM 

PROGRAMMER 

##.3095 



■ PROGRAMS 27XX AND 27XXX EPROMS UP TO 27S12 

■ SUPPORTS VARIOUS PROGRAMMING FORMATS S 
VOLTAGES 

■ SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
OF DIFFERENT SIZES 

■ READ. WRITE. COPY. ERASE CHECK & VERIFY 

■ SOFTWARE FOR HEX AND INTEL HEX FORMATS 
MCT-EPROM 



h 






> PROG. 8741 , 8742, 8748. 87-sg S B75D EPROMS S 
PROMS. 

■ LOAD DISK. SAVE DISK. EDIT. BLANK CHECK. 
PROGRAM. AUTO. READ MASTER. VERIFY £ COMPARE 

■ NORMAL 5 INTELLIGENT PROGRAMMING ALGORITHMS 
MCT-M MP 



BIPOLAR MODULE 



5259.95 



■ PROG. AMD. MMI.NS. TISS1GNETICSBI-POLAR PROMS 
* LOAD DISK. SAVE DISK, EDIT, BLANK CHECK. 
PROGRAM. AUTO. READ MASTER. VERIFY 

MCT-M BP 



BARGAIN HUNTER'S CORNER 
CITIZEN 
PRINTER 



135 



■ 9 PIN DOT MATRIX PRINT HEAD 

■ 1 BO CPS DHAFT MODE. 29 CPS NLO MODE 

■ CENTRONICS PARALLEL INTEHFACE SERIAL 

OPTIONAL 
* DUAL PITCH, DOUBLESTRIKE, ITALICS 5 SUPERSCRIPT 

■ DOT ADDRESSABLE GRAPHICS IN SIX DENSITIES 

■ COMPRESSED. EXPANDED AND EMPHASIZES PRINT 
RC-180D 

SPECIAL ENDS 3 .3 " 33 



O 
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o 

DC 
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JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

RETAIL STORE: 1256 SOUTH BASC0M AVE.. SAN JOSE, CA 
HOURS: MOM FRI 9-7, SAT. 9-5. SUN. 12-4 {408} 947-8881 



TERMS MINIMUM ORDER J1D OQ FOR SHIPPING AMD HANDLING INCLUDE J? SD FOR UPS 
GROUND AND S3 50 UPS AIR ORDERS OVER 1 LB AND FOREIGN ORDERS MAY REQUIRE 
AQDiTfONAL SHIPPING CHARGES -PL EASE CONTACT THE SALES DEPARTMENT FOR THE 
AMOUNT CA RESIDENTS MUST INCLUDE APPLICABLE SALES TAX PRICES ARE SUBJECT 
TO CHANGE WITHOUT NOTICE WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL 
ERRORS WE RESERVE THE RIGHT TO LIMIT QUANTITIES AND TO SUBSTITUTE 
MANUFACTURER ALL MERCHANDISE SUBJECT TO PRIOR SALE A FULL COPT OF OUR 
TERMS IS AVAILABLE UPON REQUEST ITEMS PICTURED MAY DNLV BE REPRESENTATIVE 



ORDER TOLL FREE 800-538-5000 



COPYRIGHT 1 989 JDR MIC RODE VICES 



CONTINENTAL U.S. 
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Radio /hack Part/ Place. 



CHECK OUR BIG SELECTION-COME IN TODAY! 



"Hotline" Special-Order Service 




One-Week 

Delivery 

Time 

(most items) 



Your Radio Shack store manager can special-order a wide variety of parts 
and accessories not shown in our catalog— tubes, ICs, phono cartridges 
and styli, microprocessor, scanner and CB crystals, even SAMS Photo- 
facts*. No minimum order, no postage or handling charge. Give us a try! 




General Class Ham Study Pack 



Prepared by 
Gordon West, 
WB6NOA 



19 95 




Here's everything you need to upgrade from Novice to General class in 
minimum time. Includes code review and speed building cassettes, test 
questions and answers, full explanations of correct answers, helpful hints, 
FCC form 610, and a sturdy molded binder. #62-2404 



Switch and Relay Bargains 



Fast Fixes for RS-232 Problems 




(3) 



w 



1 



I J 







(1) 



r 



| <« 



(1) Lighted Push Switch. 3A at 125VAC. 12V lamp. #276-676 6.49 

(2) Mini 5-Amp SPDT Relay. 5A at 125VAC. 12VDC coil. #275-219 2.49 

(3) Submlni Slide Switches. SPST. #275-406 . . 2^794. DPDT, #275-407 . . 2/694 

(4) Battary Holder. For 4 "AA" cells. 14 other styles in stock! #270-383 99c 

(5) Panel-Mount Fuse Holder. For 5x20nim ruse. #270-362 1.49 




(3) 



4 « 

(1) Inline RS-232 Mini Tester. Dual-color LEDs indicate status of TD, 

RTS, DSR, CD, RD, CTS and DTR lines. #276-1401 14.95 

{2) Inline RS-232 Spike Protector. #276-1402 16.95 

(3) Mala O-Sub 25 to Modular Jack Adapter Kit. #276-1405 2.99 



High-Tech ICs for Experimenters 

(1) VCP200 Speech Recognition IC. Speaker independent! Understands 
seven commands. Easy to use. 20 pin. #276-1308 9.9S 

(2) TDA7000 FM Receiver On-a-Chip. Ideal for a small FM or public 
service band receiver. 70 kHz IF. 16-pin. #276-1304 5.95 

(3) SSI202 Touch-Tone Decoder. 18-pin. #276-1303 12.95 



tnc connectors and Mike Cable 




:iljJ 



(mm*? («) * 



is) 



(1) Solderless Male TNC Plug. #278-140 1.99 

(2) TNC 90° Adapter. Female-to-male. #278-141 , 2.99 

(3) Female-to-Female TNC Coupler. #278-142 1.99 

(4> Coiled Ham/CB Mike Cable. Extends to 5 feet. #278-355 6.49 

(5} Speaker MEGACABLE". 12-gauge. #278-1268 Per Foot 99e 



Goid-Piate Plugs 

(2) 



(3) 

(1) Phono Plug. #274-850 ..2.49 

(2) 3 -Conductor (Stereo) Va" 
Phone Plug. #274-858 2.49 

(3) 3-Conductor (Stereo) 'A" 
Phone Plug. #274-856 3.99 



Lighting Buys 

V 



Sounder Values 



(') TT 0) 



(1) Super-Bright Red LEO With 
Holder. #276-088 1.79 

(2) Strobe Tube. #272-1145 . . . 3.29 

(3) Jumbo Red LED. Two elements 
in a 10mm housing. #276-065 . ,1,18 




(1) PC-Mount Micro Speaker. 700- 
3000 Hz. 8 ohms. #273-090 . 4.99 

(2) Pulsing Piezo. #273-066 .3.99 

(3) Pulsing Electronic Buzzer. For 
12VDC. #273-058 3.49 



Test Lead sets 

in 




(1) Set o* 4 Jumper Cables. 30* 
long. #278-001 Set 2,99 

(2) Micro-Hook Test Leads. I8V2" 
long. Banana plug to "grabber" 
hook #278-018 Pair 3.49 



Bench Test instrument 



Precise LCD digital display plus 31-segment ana- 
log bargraph. Displays transistor gain directly. 
Diode-check, memory and continuity functions. 
Measures to 1OO0VDC, 750VAC , 1 amps AC and 
DC, resistance. #22-195 99.95 



AC Power Strips 



BM^.^.zlU^.11 



* 



Six-Outlet. Perfect for workbench. Has six 
grounded outlets, heavy-duty 6-foot cord with 
grounded plug, on/off switch with indicator light 
and push-to-reset circuit breaker. Handles 15 

amps. UL listed AC. #61-2619 21.95 

Four-Outlet. As above, but without switch. UL 
listed AC. #61-2620 15.95 



universal Breadboard 




Our finest! Molded 2V4X6V2" breadboard is 
mounted on a 7 x 4" "stay put" metal base with 
rubber feet. 640 plug-in points. Accepts DIPs, 
discretes, and up to 22-gauge wires. Three bind- 
ing posts. #276-169 19.95 



Oyer 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, 
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards! 
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More' 



Radio /hack 

A DIVISION OF TANDY CORPORATION 

Prices apply a! participating Radio Shack stores and dealers 



> 

33 
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What* New at 

AMERICAN DESIGN COMPONENTS? 



W' a warehouse 60,000 Kerns at 
American Design Components- 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original costl 

You'll find every part you need — 
either brand new or removed from 
equipment IRFEI in excellent condition. 
But quantities are limited. Order from 
this ad, or visit our retail showroom 
end find exactly what you need from 
the thousands of items on display. 

Call Toll Free: {800! 524-0809 



THERE'S NO RISK! 

With our SO-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 



"THE ADAM IS BACK!" 



5 V4" FULL-HEIGHT 

HARD 

DISK 

DRIVES 




40Mb 

(AT/XT 

Compatl 

High speed, 40 ms. access time. 

Quantum #Q540 

Item #17765 New - $379.00 

10Mb (ST412 Cornpat.) 
Major manufacturers — 
Get them white they last! 

Item #17199 $99.00 ea. 




(Lett 
Printer) 
No wiring 
neces. (just 
plugs together). ■ 

Incl: hook-up diagram; Keyboard, 1 cas- 
sette digital data drive, 1 game controllers, 
power supply & 1 cassette. Capable of run- 
ning CP/M, has built-in word processor. 

Item #7410 Complete - $99.00 

ADAM 5 1/4 
DISK DRIVE 




GiV'j;; your Adam 
fast reliable data 
storage & retrie- 
val. Can hold up to 
160Kb of information. Uses industry- 
standard SS/DD disks. Connects directly 
to your Adem memory console. Comes 
w/disk drive power supply, Disk Manager 
disk & owner's manual. 
Mfr — Coleco, model 7817. 

Item#12830 New - $ 1 99.00 



9" MONITORS. 
(Open Frame) 




* 771 —High Res... 
Green Phosphor 

Input: 12VDC. Audiotronics 
#900964-04 
Item #17198 New - $19.95 




* Composite — 
Black & White... 

Input 12VDC. (Mtd. in metal 
chassis.) Motorola #XM226-21 

Item #19694 New - $22.95 



51/4" HALF-HT 
HARD 
DISK 
DRIVES 




10Mb 

(ST212 Compatible) 

Mfr-Tandon#TM252 

Item #19704 New - S99.00 
20Mb (ST22S Compatible) 
Mfr- Olivetti #EMS520/2 
Tested — Like Newt 

Item #20060 $159.00 



115 CFM MUFFIN®- 

TYPE 

FANS 




115 VAC; 60 Hi.; 
21 W.; 28 A.; 3100 HPM: 5-blade model; 
aluminum housing. Can be mid 
for blowing or exhaust. 
Dimen.: 4 "/«" sq. x 1 Vj" D. 
Mfr: Howard Industries or equiv. 
Item #1864 New - $9.95 
W/Adjusteble Speed Control 

Item #20811 $12.95 



5V4" FULL-HEIGHT 
DISK DRIVE 

(IBM® 
Cotnpat.}l 




48 TPI.40 Track, 

Double Side/Double Density 

Tandon #TM100-2 or equiv. 

Item #7928 $79.00 New 
2 for $150.00 We 



27 CFM 

MINI 

FANS 



II6VAC/6OH1., 12W., low noise- 
level fans. Can be mtd. for blow- 
ing or exhaust Fits standard 3 Vz" 
relay rack. Impedance protected, 
7 metal blades. Dim.: 3Vg"sq. x 
1V 2 "D. Mfr-Rotron or equiv. 
NEW — Item #13210 $7.95 
RFE — ItBm #1873 $5 .95 




31/2" MICROFLOPPY 
DISK 

DRIVE 




1 Mb (unformatted), 135 TP1, 3 ms. 
access time. Power require- 
ments: +12, +5 volts. Removed 
from operational computers — 

TESTED — UKENEWI 
Mfr — NEC, model FD103S 

Item #17171 $79.00 ea. 
2for$150.00 



VOICE-ACTIVATED 
SWITCH 



"Aeti'MH 
'on' or 'etf 
with tht 
sound of 
your vokt, 
awhistt* 
or clap...' 
Ideal for robotics. Eights, * 
etc. Turns on w/the first sound & 
off wAhe second. Solid-state units 
w/adjust, sens, control £1 pick-up 
microphone attached to PC board. 
Dim.: ZV t - x 3Vw" x Vi*. VOX in- 
put: 6-9VDC; can he used w/any 
standard battery. Item #16440. 

3 switches I $9.95 




STEPPING MOTORS 
for ROBOTICS... 

Pr&cision steppers with 
increments from T to 7.S°, 
Speeds up to 5,000 steps. 



Fig. 1 



Item 
No. 


Step 

Angle 


DC 
Voltage 


Torque 

OS /in. 


7630 


1.8' 


3.0 


200 


16410 


1.8* 


12.0 


700* 


16406 


3.6" 


12.0 


700" 


7014 


7.5' 


12.0 


300" 


*Grams 


per Cm 








FiQ.3 



Mfr. & Part No. 


Dimensions 


Fi B . 


Price 


Superior 
MOS2-FT-402 


2"Lx2'Vdia,x2V/H 


1 


S3 4.50 ea. 
2 for SS9.SG 


Applied Motion 
4017-833 


IVsq.xlVD 


2 


$9.95 ea. 
2 for 114,95 


Applied Motion 
4017-338 


1V 3 "sq.x1Vi"D 


2 


S9.95 ea, 
2 for 114.35 


Mijsubislri 
55S1-2SDAVA 


2V,"sq, x 1"D 


3 


810.95 es. 
2 for 119.95 



DISK DRIVES — MONITORS — COMPUTER COMPONENTS — INTEGRATED CIRCUITS — CAPACITORS 
— POWER SUPPLIES — VOLTAGE REGULATORS — OPTO ELECTRONICS — SEMICONDUCTORS — 



ADAM PRINTER 




Friction feed. Takes standard paper 8 Vi x 1 1*. 
Item #8839 New - $69.50 

ADAM ACCESSORIES. . . 

COLECOVISION to ADAM 

EXPANSION KIT... 

Item#9918 $59.50 

DATA DRIVE... Item #6641 $19.95 

PRINTER POWER SUPPLY... 

Item #8642 $14.95 
ASCII KEYBOARD... 

Item #6643 $19.95 
CONTROLLERS Set of 41... 

Item #7013 $9.95 RFE 
ADAM CASSETTES... 
Incl. Smart Basic, Buck Rogers St blank 
cassette. Item #7766 

Baker's Dozen — $19.95 
DISK DRIVE POWER SUPPLY... 

IIltti #14603 $14.95 
ADAM DAISY PRINTWHEEL... 

Item #13305 $3.95 
ADAM RIBBON CARTRIDGE... 

Item #13306 $3.95 



SWITCHING 
POWER SUPPLIES. 



Input Voltage: 
115/230 VAC, 50/60 Hz. 




Item 
No. 



17210 



17897* 



17223 



5353 



18,0 



4.0 



3.0 



Output Voltages IOC) 
+12V -12 V +24V 



2.5 



2.0 



.17 



2.5 



1.5 



2.2 



Mfr, Si Part Mo 



Sola #39-139 



Power Systems 
#11627AY52021 



Power Systems 

#1555 



Astec#AA11101 



Dimensions 
(LxWxW 



13 , x4V;'x1V;' 



8V 2 'x5"x2V a ' 



BB/yxS'y x2' 



7'/ s "xBV 2 *x2" 



Price 



24.95 



19.85 



'Mounted on base 



COLECOVISION 
Accessories... 

EXPANSION MODULE #2 
Play arcade quality driving & rac- 
ing games on your ColecoVtsion. 
Incl, Turbo cartridge. 

Item #13146 New - $39.95 
ROLLER CONTROLLER 
Gives full 360° game control. Hi- 
speed action of an arcade. Can be 
used wAhe Adam. Incl. Slither 
cartridge. 

Item #13147 New - $39.95 
SUPER ACTION 
CONTROLLER SET 
Gives you indiv. control of 4+ on- 
screen players. Includes Baseball 
cartridge. 

Item #13148 New - $39.95 




NICAD BATTERY 
PACKS (Rechargeable) 
"AA" Cells 



4.8V 



450m3 
4 AA cells connected in series. 
Item #12S4... 5 packs/ $9,95 

"C Cells" 



EV 



1.25Ah, 

Consists of 5 'C cells connected L 
In series & shrink wrapped. 

Item #18675 $7.95 



RECORDING TAPE 
7 V 2 " Reel, 
2400 ft. 




1/4 Mil. Bulk erased. Major mfrs,: 

Ampax, Scotch, etc. Item #6711 

15 reals for $9.95 



TIMEX-SINCLAIR.. 



2040 

PRINTER 




32-c-jiurnn - compatible with any 
of the 11 ■ i i ■■■ :■■ S i r 1 ■: ; i ;i i r comp Lrta rs, 
as wall as our PC 8300 Computer 
Uses standard i \V" thermal paper. 

Item #15851 New - $39.95 



COPPER-CLAD 
PRINTED 
CIRCUIT BOARD 

(Double-Sided) 




Glass coated, epoxy laminated. 
1 oz. Double sided, .022" thick. 
Dimensions: 24"L x 18.5"H 
Item #13606 

3 sheets / $9.95 
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"The First Source"— for electromechanical & electronic 
equipment and components — AMERICAN DESIGN COMPONENTS! 



EXTERNAL DISK DRIVE 
CHASSIS 




WlthGOW 

power supply 

fan cooled). 

Ca n accom mod ate any of the foliowi ng : 

2 full-nt. drives ADC Item *792a 

2 floppy drives #1 0005/17171 

1 hard drive #13704 

& I floppy ,.....„ #10005 

Input: 115/230V, 50/60 Hz. Orig. for Burroughs 
computer. Dim.: 11*Wx8"Kx12"D 

Item #145*1 $59,50 

12" EGA COLOR MONITOR 

25 KHz — 

High Resolution... 




Perfect for text, 
CAD, & other 
graphics. 8-color 
display. Scanning fre- 
quency Is 25KHz. Res.: 732 x 410. Input: 110/ 
220V, SO/60HI., 75W. Mttt in metal chassis. 
Works It) sally wrtlw EGA "Wonder Card." 
Diag. incl. Hitachi *CD1215-DTL 

ltem#18059 $129.00 
ATI Wonder Card — 

Item #19693 New - $229.00 



THERMAL PRINTER 

W/RS232 IBM' Serial Interface 
1Z0CPS... 




Print speed: 120 CPS; paper width: 8V2". 
SO/132 columns/line. With RS-232 IBM serial 
interlace. Operates on 115/230V, 50/6QHi. 
Hewlett Packard #HP2671A 

Item #19705 $79.00 
(Removed from working systemsl} 





PC/XT/ AT Compatible 
ENHANCED LAYOUT 
101-KEY KEYBOARD 



r-itnji 

-k Membrane ^*»- 
*■ 12 Function Keys 

* Separate Numerics E Cursor 

* E.ED indicators for Scroll, 
Caps & Number locks 

+ 1" inclination Foot Stand 

Mfr. #29079 

Item #19690 Now- $49,95 

ANTI-GLARE 
SCREENS.., 

Glare & reflection fitters that 
improve speed, accuracy & 
operator 
comfort... | 

™ I 

Monochrome ......Item #19215 

IBM PC Color Item #19216 

AT&T Monochrome. ....Item #19223 

App/e Macintosh Item #19225 

Compaq Porto b!e Item #19220 

Wavy- $8.95 ee.;2/$1 5.00 

MAGNIFYING 
LAMP 

'** 
I 




Multi-position, 30", 
completely adjustable 
swing arm with 3-way 
metal C-clamp. Has 4" diopter 
magnifying lens, w/ruler. Porce- 
lain temp socket & on/off switch; 
uses up to a 60W bulb. Color: 
beige. UL listed. 
Item #13136 New - $29.95 



150 WATT AT/XT 
POWER SUPPLY 




Input 110VAC/SO Hi, 
DC Output: +5V@ ISA 

+12V@ 5.5A 
-5V © 0.5A 

-12V @ 0.5A 
Dim.: 144mm x 255mm x 120mm 
Item #19717 New - $59.95 



CRYSTALS 

IMieroproPBss or 
HC-18U) 



$1.29 ea 




MH;. 



Item 
No. 



1,6432 .7915 

3.5735 tS .12351 

3.6BS4 13601 

4.0 .7045 

4,32 1J041 

4.9152 13566 

5,0, ,......-13043 

E.0688 67SG 

8,0. ...123S2 

6.144 13225 

7.372S 13502 

B.O 1957 

10.0 17727 



MHz. 



hem 
No. 



10.738635 ....1353 

12.0 7920 

14.3t818™,7359 

16.0 13425 

18.0 13617 

18.432 19332 

18.6608 12112 

20.0 12350 

24,0 14117 

32,768 13911 

48,0... 7388 

64.0 20093 

122,666 7037 



OSCILLATORS... 
1 T $2.49 ea 



Item 

MHz. No. 



. . . We carry a complete line of Computer 
& Game Accessories and Equipment... 



1.0 1026S 

2.0 „7880 

2.4 15478 

4.0 17020 

4508 12118 

4.9152 8419 

5.0 10266 

6.0 12113 

7/) 12406 

7.3728 10181 

8.0 13038 

9.0 1322! 

9.6 16421 

10.0 12408 



MHi. 



Item 
No. 



11.0 10201 

15.360 10264 

15.0 8158 

17.8 16425 

1B.432 .13227 

20.0 17262 

20.43468 ....12117 

27.2812 .7357 

24.0..... 18005 

28.0 18262 

30.0 12407 

51 .2..- 10178 

64.0 17238 



DYNAMIC MEMORY BOARDS 

Upgrade your computer's memory as your 

riBBds grow... 

PC/XT COMPATIBLE 




-k 0-25GKb memory 
in 64Kb increments 

* Fully socketed for easy upgrade (IBM 

parity checking) 

* Memdisk: Simulates highspeed disk In 

RAM memory 

* Allows you to (in m while using the computer 

* Software Included 

Tech mar #M U203G10 (w/o RAMJ ^ rt „ 

Item #19977 New - $29.95 
** 64Kb RAM Upgrade 
Setof9chips — ltem#19983 $17,50 

PC/AT COMPATIBLE 

Singte Slot, multi-function board, supports 

all PtVAT systems, EncE. PC-DOS St Xenix. 




COMMODORE 
PLUS 4 
COMPUTER... 




CUSTOMER RETURNS — 

As is Condition] Mot tested, no 
guarantee! Manuals & power 
supply not included. 

Item #20859 $29.95 



IC SOCKETS 

Low Profile. 




INTEGRATED CIRCUITS... 



— STATIC RAMS — 



TMM2016-100 

2101-45 

2102L-2 

2114-150 

2114-200 

2114L-2 

2146-55 

2149 

2167S-55 

MK4027N-4 

5101 



2,046 1 S 
256 x4 
256x4 

1,024x4 
1,024x4 
1,024x4 
1,024x4 
1,024x4 
16,364 x 1 
4,096x1 
256x4 



S4.00 
1.75 

.39 
1.25 

.95 
1.00 
3.49 
2.49 
2.00 
2.00 
4.95 



6116-3 
6116-4 

6116LP-2 

611 SUM 

6264LP-12 

6264LP-15 

6264LP-20 

62256LP-12 

62256LP-15 

6514 



2,043x8 
2,043x8 
2,048x8 
2,048x8 
3,192x8 
3,192x8 
8,192x8 
32,768x8 
32,763x8 
1,024x4 



— DYNAMIC RAMS — 



16,384 x 1 
16,384x1 

16,384 X 1 
262,144 x 1 
64,536 X 4 
65,536 x 1 
65,535 X 1 



4116-150 
4116-200 
4116-250 
41256 

41464 

4164-15 

4165-200 



TMS2516 
TMS2532 
TMS2564 

2708 

27L08 

2716 

27C16 

2732 

27C32 

2732-35 

2764-20 

2764-25 



7805T S .49 

7806T „ 49 

7808T 49 

7812T 49 

7815T +9 

7818T .49 

7820T .49 



$1.55 
.69 
.49 

15.00 

18.95 

1.95 

1,50 



4164-250 
4416-120 
4416-150 
4464-15 



65,536x1 
16.384x4 
16,384x4 
65,536x4 



511000P-10 1.048.576x1 
514256 262,144x4 

6665 65.536x1 



$4,00 

3.50 

4.50 

4.00 

10.50 

10.25 

9.75 

20.95 

19.95 

3.50 



$1.25 
10.00 
9.00 
18.95 
39.95 
69.95 
1.50 




. . . Please call or write 
with any other requirements! 



No. of 






Pins 


IHM# 


Prica 


8 


13518 


S .11 


14 


7350 


.12 


16 


7354 


.13 


18 


13649 


.15 


20 


7353 


.18 


22 


16875 


.19 


24 


1230 


.20 


28 


12865 


.22 


40 


7351 


.30 


54 


16169 


1.75 



PROTOTYPING 
DEVICE w/EPROM 
INTERFACE — (Z8603) 

Complete microcomputer 



2Kb ROM; 128 bytes RAM; 32 \J0 lines; 
up to 62Kb addressable extern, space 
ea.; 144 byte reg. file;. 124 G.R ret,.; 
4 \/C port rag,; 1 6 status & oontr, reg; 
Full duplex UART; 2 program, 8-bit 
counterAinws On-chip csellt. accepts 
crystal or external clonk drive; 1 ,5V 
power suppty. TTL compat. 

item nssis 524.95 



SMART WATCH 

DS1216j 




DS1216 is a 28-pin, 6 b -wide dip 
socket w/buiiMn CMOS watch 
function. Notvvolatfle RAM con- 
troller & lithium energy source. 
Accepts either 24-pin 2K x 8 or 28- 
pin SK x 8 CMOS static RAM. 
Communication w/Smart Watch 
fu net i on is establ ished by pattern 
recognition on a serial bit stream 
of 64 bits on D.O. Mfr — Dallas 
Semiconductor *.**« «■- 

Item #1 5939 New - $29 .95 



AMERICAN DESIGN COMPONENTS, 

YESl Pleas© send me the following items — 

Item How 



No. 


Many? 


Description 


Prica 


Total 




















































Total 




Shipping & handling: wn ship UPS unless 
f ^__^ otherwise specified. Add S3 plus 10% of total. 

/ /5fce^ ' Canadian: $3 plus P.CX cost, Charge only. 

/ ^*fl 'Sfl % t S** 08 Tfl)I [N - J " rmWanti only, 
/ Wjfh - . •**tefl / ploaso add SV of total] 
—S^yOrrJdrf / ORDER TOTAL 









815 FAIRVIEW AVE., P.O. BOX 220, FAIRVIEW, N.J. 07022 

□ My check or money order is enclosed. 

□ Charge my credit card. 
□ Visa □ Master Card □ Amex 



MINIMUM 

ORDER 

$15. 

RE-389 



* Offers up to 1,5Mbof memory 

* 2 Serial Ports & 1 Parallel Port 

* Gsme Port & "Superpafc' utility software 
w/Superdrive, Fastdlsk, St Supers pool incl. 

AST Research 'Advantage* -._— __ 

Item #20853 Ki'iv ■ 599.00 
** 64Kb RAM Uparade ___ _ 
Set of 18 chips — Itemf20854 $35.00 

Srtonat^^i"m«M5 e 5 $235.00 ir all phone orde FRE I 800-524-' : wy call (20 



Card No. 




Exp. Date 


Signature 


Telephone: Area Code 


Number 


Name 


Address 


City 


State 


Zip 



All inquiries and free catalog requests— cell (2011 94 1-5OQ0. 



> 
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Mail Ordsr Electronics 'W&rtdwldi 



llSS 



ELECTRONICS 



Mail-Order Electronics 

24 HOUR ORDER HOTLINE ."' 



a^^BLasa 



IC Clearance Sale! 

Expires 5/31/89 



NEC V20 & V30 CHIPS 



Replace Wo 8086 or 8088 in Youi 

Dgfl ^ InenHM Ha tamd t*y up to 



RIM PC and 

3° %r Price 



UPC 70 1 6 -S 1 5MH 1} V 20 Chi d . . 
UPEJ7Q1 08-8 (BMHi) V2Q Chip. . 
UPO70 108-1 (10MHI) V20 Chip . 
UPD70 1 1 6-8 (6MHt) V30 Chip, , 
UPD701 16-10 (1QMHi) V30 Chip . 



....... S 7.49 

. *t«rfS $ 9.43 
. 3 1 2. 9 5 S12.25 
. . 33,35 S 7.95 
.31 .9 5 $15.49 



7400 



1-9 



7400. . 

7*02. . 
7404. . 
7405. . 
7406. . 

7407.. 
740a 
7410. . 

7414. . 

7416. . 

7417. . 
7420. 
7430. . 

7432. . 

7433. . 
7442. . 
7445. . 
7446. 
7447. . 
744S. . 
7472. . 
7473. 

7474. . 

7475. . 

7476. . 



. SALE 
. 23 

SALE 
35 
. 33 
. SALE 
. 35 
. SALE 

SALE 
, SALE 
.SALE 
. 23 

SALE 
. .39 

SALE 
.SALE 

SALE 
. 33 
. B9 
. 1.95 

SALE 
. 33 
.SALE 
. .49 
. .45 



Pan No. 



1-9 10+ 



7435. . . 
7486.. . 
7439. . . 
7490. . . 
7493. . . 
7-; 1 2 1 
74123. . 
741 25. . 
741 2S. . 
741 43. . 
741 SO- . 
74 1 54 

74158. . 
74176 , 
74174, . 

74175 . 

74176 . 
74131. . 

74159, . 
74193, . 
74193. 
74221. . 
74273. . 
74365. . 
74367. . 



. SALE .45 

. SALE .29 

. 1.95 1.85 

. .49 .39 



.45 



.35 



. SALE 25 

. SALE 36 

. SAl.C .35 

SALE 35 

SALE 3 95 

SALE 110 

.1.35 1.25 

. SALE 1.25 

. SALE .59 

.SALS 36 

. SALE 35 

. SALE .49 

SALE 1.49 

SALS 1 .49 



.79 



£9 



. SALE 1 .25 

S4LE .69 

. SALE 1.49 

SALE ,35 
SALE 



74LS 



74LS00. 
74LS02. . 
74LS04. . 
74LS05. . 
74LS0S. 
74LS07 
74L5Q3. . 
74LS10. . 
74LS14. . 
74LE27. . 
74LS30. . 
74LS32. . 
7JLS42 
74LS47. . 
74L573. - 
74LS74. . 
74LS75. . 
74LS76. 
74LS85. . 
74LSS6. 
74LS90. . 
74LS93. . 
74LS123. 
74LS1 25. 
74LS138. 
74LS13S. 
74LS154, 
74LS157 
74LS1 53. 
74L5163 
74LS164. 



SALE 

SALE 

SALS 

SALE 

,59 

.59 

23 

SALE 

SALE 

SALE 

SALS 

SALE 

.49 

BS 

SALE 

SALS 

SALE 

3B 

,59 

.29 

SALE 

SALE 

SALE 

.49 

49 

SALE 

1.19 

.45 

SALE 

SALS 

SALE 



74S/PROWS' 



74500.. 

74E04. . 
74S06 . 
74S10. . . 
74S32 . 
74574. . 
74S3S.. 
74586. . 
74S1 24. . 
74S174-. 
745175. 



. SALE .19 

SALE .19 

. SALS .19 

. SALE .19 

SALE 19 

. SALE .19 

SALE .49 

SALS .19 

. SALE 1.25 

SALE .25 

. SALE 25 



74LS155. . 

74LS1 66. , 
74LS1 73. . 
74LS174. . 
74LS175. . 
74LS1S9. . 
74LS191.. 
74LS193 
74LS221 . . 
74LS240. . 
74LS243. . 
74LS244. . 
74LS245. . 
74L5259. . 
74LS273. . 
74LS279. . 
74LS322. . 
74LS385. . 
74LS36S. . 
74LS367. . 
74LS36S, . 
74LS373. . 
74LS374. . 
74LS393 
74LS590. . 
74LS624. . 
74LS629. . 
74LS840. . 
74LS645. . 
74LS670. . 
74LS683. . 



75 



.65 
,69 



.49 



74E1S3* 1.49 

74S169 1.49 

745196 SALE .99 

74S240. 139 

745244 SALE .75 

74S253 SALE 23 

74S2B7'. 1.49 

74S288' 1.49 

74B373 SALE 99 

74S374. SALE .99 

74S472* SALE 2.49 



74F 



74F00. . . 


...SALS 


.19 


74F13B. . . . 


SALE 43 






25 


TIFItt/,' 


SALE .49 


74F08. , . . 


.. .SALE 


.19 


74F193. .... 


2.95 


74F10 


...SALS 


.19 


74F240. ... 


69 


74F32. . . . 




.25 


74F244. .... 


,69 


74F74 


.. SALS 


.25 


74F253. ... 


SALE .49 


74F86. . . . 


. . . SALE 


.29 


74F373. . . . , 


79 


74.F136 


. SALE 


.49 


74F374. 


SALS .59 




CD 


— t 


:mos 


CD40O1 . . 




.19 


CD4076. ... 


59 


CD4O08. . 




.59 


CO4031 


22 


C04O1 1 . . 




10 


CD4082 .... 




CD4013. . 




29 


CD4093 


35 


CD4Q16. . 




.29 


C04094. .... 


89 


CD4017. . 




49 










.59 
.59 






CD4020. . 




CD4510 


...... £9 


CD4024. , 




.45 




ee 


CD4027. . 




35 


CD4520. . .. 


.76 


CD4030, . 




35 




.79 


CD4040. . 




65 


CD453a.... 


.79 


CD4049, . 




.29 


CD4541 


.89 


0DA060 




.29 




...... .79 






.59 


0D4553 


3.95 


CD4052. , 




.59 


CD4555, .... 




CD4053 
CD4003. . 
CO4066 . 




.59 
1,49 
.29 


CD45S9 

CD4566 . . 


735 

1.96 








CD45S3 


69 


CD40S9. , 




19 


CD4584 


4S 


CD407O. . 




29 


CD45B5 


.59 






22 
.22 


MC14411P. . 
MC14490P. , 


. 735 


CD4072. . 




4.49 



SALS 

SALE 

SALE 25 

. SALE .25 

. SALE 2.95 

SALS .39 

. .89 .59 

. SALE .A3 

SALE .45 

. SAL^ .45 

. SALE .49 

. SALE .59 

. .99 S3 
.79 
33 

. 3 49 3.39 

SALE 35 

. SALS .35 

. SALE .29 

SALS .35 

. SALE .59 

. SALE .49 

.SALS 69 

. 5.95 5.85 

. 1.95 1,85 

. SALE 1.95 

. SALE S3 

.SALS .89 

. SALE .79 

2.39 223 



MICROPROCESSOR COMPONENTS 



MISCELLANEOUS CHIPS 

Pari No. Price 

D76SAC. .... 9t9S 2.95 
WD921B. 3.95 

780. ZBOJS, Z80E SEMCS 

Z80. 1.19 

Z80-CTC +t£9 .99 

Z80-PI0 +tS9 .99 

ZSCA. 1-29 

Z80A.CTC 1.6S 

ZSOA-DART . . . +95 3.95 

2BOA-F50 +t991.49 

ZSOA-SIO/0 . . . . *9S 2.95 

ZBOB. 2.75 

ZBOEpCTC. . .,9195 3.25 
Z80B-PI0. 3.95 

5500/6800/63000 SER. 

6502 2.66 

S5C02(CMOB) 7.75 

6520 1.95 

6522 295 

6532. 57494.95 

6551 2.95 

65C8tJ2(CM0S) +5t95 1 4.75 

6800 4t95 1.49 

6602 2.95 

6610 +*5 .99 

662! 1.7S 

6640. 6*9 2.95 



6500/8800/68000 Cool. 

FutNo. Pnc» 

6345 Ct75 2.49 

6950 4,951.49 

6352 rf5 .59 

6354 4t+9 .99 

wceeoooLS . . . 9.95 

MC&8000L1D ++r95 1 0.95 

MC6S010L10 49-95 39 95 

MC68020RC12B .. 99.95 

8000 SERIES 

3031 8+35 3,49 

BOC31 9r95S.95l 

8036 *H« 155 

6039 +T96 1.59 

BOSOA. £«S 1.49 

S085A. 2.49 

6066 3.95 

8065-2. 8t9S 5.49 

8037 (SMHi) 99.95 

6067-1 (10MHI).. 194.35 
8037-2 |8MHz) . . . 1 59.95 
8088 [5MHU . . . 4r95 3.49 
8083-2 (8MHZ) 695 5.95 

8116 +95 3.95 

8155. 249 

31 55-2 3.49 

B156. ..2.95 

8212 229 

3224. EtES 1.95 

8226.. . 4t95 1.49 



8000 SEMES Cunt. 

Pirl No. Pric* 

BJ1/.S +^.:i^b 

8243 1.75 

6260A. +96395 

8250S(Fw SMI.. 5-95 4.95 

3251 A. 1.69 

8253-5 135 

3254. 3.95 

8255A-5. ......... 2.95 

8259-5 fi*51.?5 

6272. 8795 2.95 

6279-5. ft95 2.75 

8741. . 9.95 

8742 ia95 17.95 

6748 (25V). 735 

a74BH(HM0SI(?1Y]...9.95 

6749 9.95 

8751 |3JrtMHi|.... 37.95 
6751 H (3.5-1 2HHJI . . 39-95 
6755 49t95 12.95 

DATA ACQUISITION 

ADC0S04LCN 2.79 

ADCOSOaCCN .6t95 5.49 
ADC0309CCN . . »«9 3.29 
ADC1205CCJ-1 ....19.95 
DAC08a8LCM . +r?S 1 .49 

DAC1O0SLCN 5.95 

AY -3-1 01 5D.. +95 3.95 
AY-5-1013A 1.65 



MICROPROCESSOR SALE! 

Part N > ■ f> , 1 1. ► 



8052AHBASIC GPU w/BASIC Interpreter. $24.95 

MC68701 8-Bit EPROM Microcomputer. $14.95 

MC68705P3S 8-Bit EPROM Microcomputer. . $8.95 

MC68705U3S 8-Bit EPROM Microcomputer. $10.95 

80286-10 1 6-Bit Hi Performance MPU $59.95 

80287-8 Math Co-processor (8MHz) $229.95 

8028 7-10 Math Co-processor (10MHz) $279.95 

80387-16 Math Co-proc. <16MHz) gridabray . . . $439.95 

80387-20 Math Co-proc. (20MHz) ghioahhay . . . $589.95 

80387-25 Math Co-proc. (25MHz) cmDARMY . . . $689.95 



Pari No. 



-DYNAMIC HAMS- 



Prka 



-4116-15 16384 k 1 (150ns) 43*91.25 

4126-20 131 .072x1 (200ns) (ftjwHckl 4.49 

^4164-100 65.536X1 (100ns) 3.49 

-41134-120 65,536x1 (120ns) 2.95 

■4164-150 65,536x1 (150ns) 259 

-41B4-2O0 66536 x 1 (200ns) 1.76 

TM5441S-12 16,384x4 (120ns) W56.75 

'41256-80 262.144X1 (80ns) 13.49 

•41256-100 282,144x1 (100ns) 12.49 

•41256-120 262.144x1 (120ns) 11.95 

'41256-150 262.144x1 (150nS) 11.49 

Ml 454-1 S 65,536x4 (150ns) (4464) 14.75 

•5110OOP-10 1.048,576X1 ( 1 0Ona) 1 Msu ... 39t95 32-95 

•514256P-10 262.144x4 ( 1 00ns) 1 Hug ... S9t9S 49.95 

STATIC HAMS 



'2016-12 

2018-45 

2102 

2114N' 

21 14N-2L 

21014 

5101 
■61 16P-3 
'6116LP-3 
■6264Ui12 
'62&4P^15 
■6264LP-15 

6514 

'43256-15L 
■62256LFI-12 



2048x6 (120ns) +494.25 

2048 X 8 (45ns). 695 

1024 x 1 (350ns) .89 

1024 X 4 (450ns) r99 .79 

1024x4 (20OTVB) Low PJrtl 1.49 

1024x4 (200ns) (CMOSi. 49 

256 X 4 (450ns) (CMOS) *+}5 2.49 

2046XB (1 50ns) ICHOS) +95 4,25 

2046 X 8 (1 50ns) LP CMOS. S99 4.49 

8192x8 (1 20ns) LP CMOS. ... 4+M9 9.95 

8192x8 (1SOns) ICMOS) 9+35925 

8192x8 ( 150ns) LP CMOS.. .. 48rES9.G9 

1 024 X 4 (350ns) (CMOS) &75 3,49 

32.763 X 6 (150ns) Lo* P»wr 1895 

32,768 X 8 (1 20ns) LP CMOS. 21.95 

EPflOMS 

TMS251 6 2048 X 8 (450ns) 25V 6+35 5.95 

"RVI92532 4096 X 8 (450nB) 25V. fr95 5 25 

TMS2532A 4096x8 (450ns) 21V. 4*9 3.25 

TMS2564 8192 X 8 (450ns) 25V. 695 4.95 

TMS271 6 204B x 8 (450ns) 3 WBJt 6r966.49 

1702A 256x8 (1)iB) 4,95 

2708 1 024 x 3 (450ns) 695 

271 6 2046 X 8 (450ns) 25V. 3 75 

271 8-1 204S X 8 (350ns) 25V +25 3,95 

27C16 2048x8 (450ns) 25V (CMOS!.... +SS 3.75 

2732 4096 X 8 (450ns) 25V 3.95 

2732A-20 4096x8 (200ns)21 V. , ...... 4.25 

2732A-25 4096 X 6 (260ns) 21V 3.85 

27C32 4096x8 (450ns) 25V (CWOSL ... +95 4^5 

2764-20 81 92 x 5 (200ns) 21V. 4.25 

2764-25 8192x8 <2S0ns)21V 3.59 

2764A-25 B1 92 X B (250ne) 1 2.5V. 3.69 

2764-45 6192x6 (450ns) 2tV 339 

27C64-15 8192 X 8 (1 60ns) 1 2.5V (CMOS) 5.95 

27128-20 18.384x8 (200ns) 21V 696 

27 128-25 16,384 X 8 (250ns) 21V. 595 

27128A-25 1 6.3B4 x 3 (250ns) 1 25V. . . . 6*S 4 95 

27C126-26 16364x3 (250ns) 21V (CMOSI 695 

27256-20 32,768 X 8 (200ns) 1 2.5V. 6t95 625 

27 256-25 32.763 x 8 (250ns) 1 2.5V 649 

27C256-25 32,766x8 (250ns) 12,5V (CMOS). 6*5 4.95 

27512-20 65,536 X 8 (200ns) 125V 10,95 

27512-25 65,536x8 (250ns) 126V 9.95 

EEPR0M5 ■ 

2815A-25 2048x8 SSOno)) BV.AadrWffJ ,,6*6 5 49 

2817A 2048x8 (3 SOnsl 5V RuaWils. ... 7795 5.95 

2865 A-30 8192 X 8 (300ns) 5V REKiiWjtt. 9,95 

52B13 (21V) 2046x3 (350ns) 5V HeadOnlj. .... 1.49 



COMMODORE CHIPS 



LASS70 . . . 


H.95 


WD1770.... 


. 8t9S 7.49 


S13052P . . . 


. 4t£5 .99 


6504A. 


1.19 


6507 


235 


6510 


1 2.95 


6522 


235 


6525 


+95 395 


6S26 


++95 1 3.95 


6532 


,5t49 4.95 


6545-1 


3.95 


6560 


48795 895 


6567 


2435 


6569. 


4665 1395 


6572. 


10.9D 735 


6581 |1!M... 


'?. ?j:. 1C.19 


6582 [3Vj. . . 


++35 1 2.95 


8502 


7.95 


8584 


. +86 2.95 


8566 


.935 7.95 


8701 


9.95 


6721 


14.95 9.95 


8722 


+9t9S 1095 


310654^05. 


9.95 


318013-03. 


+87951035 


318019-03. 


. 4£t95 1 0.95 


•82S100P1A 


-. 1 5.95 


901225-01 . 


. +5t9S 1 3.95 


901226-01 . 


.+&95 13.95 


901227-03. 


1 695 


901229-05. 


, . 1 595 


'Ha specs 


.'.■-Mi 0& 


"Note: B2S1QQPLA = 


U1 7 (C-&4) 



TJCOO Sil! 19 


74C174 Ssl« 39 


74C02 Sill 19 


7(0175 Sail 59 


740M S« 19 


74C19Z S* 99 


74C09 Sill 19 


74C34 Sa< -^. 


74CW Sale .15 


74C271 . 1,79 


74CH . 49 


74C24D Sals .75 


/tCSZ 5sK 19 


74C244 179 


74C74 49 


746373 Sale 149 


7<C45 1 « 


740374 SaH 1 49 


71086 S« .19 


740311 . 5.95 


7JtJ9 735 


74C912Sa« 7.95 


74C90 39 


74C915Sall 1 19 


74C151 5aJ41.49 


74C917 Sat 3 95 


71C154SJ1B2.75 


74C»SSale 3.95 


74C157 Sain 125 


74C9." Sol! 2.95 


71C163Sa» .49 


7«S!2 . . 395 


7lC15tSll» L9 


74C923 995 


7JC162 Sale 49 


74C925 5.49 


74C173 59 


74C926 5.95 



MISC. COMPONENTS 

TANTALUM CAPACITORS 



1M )I3S t f 1 IS 35V . .19 TM4 7X35 4.7 H r @ 35V. 

1Mt)T35 ljiie35V .19 TMS.AT35 6l M r#35V 

7W2,2,'35 2 2m( 9 35V. .25 1M 10,35 lOtJ • 35V. 



.45 

.49 
53 



POTENTIOMETERS 

WiIuhs avaiUMe (irtsffl tfims inb space martart -^OC): 500a IK, 2K, 

if, 10K 20K. UK 100K 20CK. 1MEG 

43PXX '. WalL 15 lixn .99 | 63PXX 'iWali, ' Sun .69 

TRANSISTORS AND DIODES 



PN2222.. 


13 


PN3907. . . 


.13 


HH0C4... 


.12 


2K2222A . 


29 


W440I .. 


.12 


1N41W . 


.07 


2)G055 


. 55 


1N!70. . . 


25 




. .29 


2N3904 


12 


1N7S1 


15 


C106B1 


. .49 



SWITCHES 

JMT1 23 SPDI On-On 1.19 I 206-8SHH: 16-pn DIP 1.25 
MPC121 SFCIOn-Off-OnllSl MS 102 SPSi tontntt-j .39 

D-SUB CONNECTORS 

DB25PMn}e.25-iM .69 | DB25S Ftmale. 25nn .75 



XcsanTlti. Bed . . 
ICSSSGIIV Smu . 



LEDS 

13 1 «S56YI1\ Yettw 17 

. .17 XC556C 1114. CleauBed 17 



IC SOCKETS 



BLP. 
14LP. . 
1 &LP. . 
24 LP. . 
2&LP. 
40L.P. 



Wire Wrep (Gold) Level 42 
8VVW 59 

14WW 65 

16WW 89 

24WW 

2BWW 

40WW. 



i IS 
1.39 

1 SB 



Sa lie n a il 5 1 a nda rd (Gald * 11 n I * Header PI u g 5 K kets Alio fin il ahl = 

74HC HI-SPEED CMOS 



Pert Ko. 


Price 


PartNa. 




Pfkx+ 


74HC00 


SALS 


■7 


74HC175. 




.59 


74HC02. . . 


SALE 


17 


74HC221 . . 


SALS 


fit 


74HC04. 


SALE 


17 


7JHC2<0. . , 


SALS 


.59 


74HCOS. . 


SALS 


17 


74HC244. . . 




79 


74HC10- . . - 


.. SALE 


i-J 


74HC245. . 


SALS 


.69 


74HC14. . . , 




fi 


74HC253. . . 


SALE 


19 


74HC30. . . 


..SALE 


1a 


74HC259. . . 




49 


74HC33, 


. SALS 


.«., 


74HC273. . . 


SALE 


49 


74HC74. . 


SALS 


?« 


74HC373. . 




Fffl 


74HC75, . . 


. SALE 


/•I 


74HC374. . . 


SALS 


,i9 


74HC7S. . 


. SALS 


IS 


74HC595. . . 




129 


74HC85. . . . 




55 


7dKC6B&. . . 


SALE 


1?S 


74HC86. . . 


SALE 


.!:■■ 


74HC943, . 


SALS 


7.9fc 


74HC123. , 


SALS 


.-.<) 


74HC404O. . 


SALE 


79 


7«,HC125. . 




46 


74HC4049. 


SALS 


n 


74HC132. 


. SALE 


in 


7eh-CJCE0 


SALS 


PS 


74HC138. . . 




48 


74HC4060, 


. SALS 


69 


74HC139. . 


..SALS 


:<~ 


74MC4511. . 


.SALE 


99 


74HC154. . . 


. 1 


4» 


74HC4514. , 




1 79 


74HC1S3. . 


. S4LE 


•M 


74HC453S. . 


SALZ 


M 


74HC174... 




59 


74HC4848, 


.SALE 


.55 


74HC 


-CI 


74HCT00 


SALE 


11 


74HCT139. 


SALS 


24 


74HCT02. 


S4L£ 


15 


74HCT1 57, . 


. .SALE 


19 


74HCT04 . . 


. SALE 


|7 


74HCT1 74. . 


SALE 


rs 


74HCT0fl. . . 


,.5*L£ 


15 


74HCTI7S. 


.SALS 


.25 


74HCT10 . 


SALS 


15 


74HCT240. . 


SALE 


SB 


74HCT32. 


SALE 


1/ 


74HCT241. . 


. SALS 


.49 


74HCT74 . 


SALS 


, ; ', 


74HC1245. . 


SALE 


(P. 


74HCTBS. . . 


SALE 


;; 


74HCT373. . 


SALE 


4ft 


74HCT13B 




is 


74HC737d. 


SALS 


.45 





UNEAR 




OSD026CN . , 


. 1 95 


LM14EIN, 


.35 


n.074CN 


9S 


LW1438N 


. .45 


H.0840N 


89 


0S14C8SM (CMOS). 


. 1.19 


aflOO-ICN 


. ..8.95 


LM14B9N 


. .45 






0S14CS9N (CMOS) 


.1.19 






LM1496N 


. 69 


LM311N 




HC164BP 

LM1B71N 


.235 






. 1.95 






LW1B72N 


1 .95 


LM319N 


. 1.29 


LM1396N.1 .. . . 

ULM2003A 

XH22Q6 

XR2211 


1 49 

, .75 
3,95 
235 

. 1.95 


LM324N 

LM33SK 


... .35 
.... 4.49 


LM339N , . 


39 


26LS29 


2.95 






2BL.S31. 


. .99 


LM3^BW 


69 


26LS32 


.99 




. . 2.95 


26LS33. 


. 1.49 


LF351N 


. . .39 
.49 






LF3S3N 


LU2907N 


.1.29 




... .79 


LM2917N (8 pin). . . . 


.1.79 






MC3446N 


. 39 


LF3E7N 


.89 


WC3450P 


. .49 


LM35BN . 


.... .49 


MC3470P 


.1.19 


LW36DM 


.... 135 


MC3471P 


. .99 




.... 1.49 


(JC3479P, 


. 3,95 


.t.'Jiiuf.-S 


99 


MC3186P 


, 1.19 


LM3BSN-3. . .. 


89 


'.'r;j--S:'P . . . 


. .99 


LW3S7N. . 


.... 1.09 


LU39C0N 


. .49 




39 


(.M3905N, . . . 


. 1.19 


U1399H 


.... 3.49 






LF411CN 


79 




. 1.79 


TL497ACN 


. 1.49 


LM3916N 


.1.49 


ME540H (C540H). 


99 


UE5632 


69 


ME555V 


29 


NE5534 


. .09 


XRL555 


59 


7B05K tM340«,5l. . 


..!.!« 


LM556N 


45 


7B12K ILMaJOtHZI. . 


. 1.29 


■JLtsS', 


79 


7B15K ILM340M5I . 


. 1.29 


i-M5G5N 


59 


7B05T ILM3401-5) . . 


.45 


LM567V . . . , 


.... 75 


7B12T IUU340T-12I. . . 


.45 


. 


75 


7815TILM349HSI. 


. .45 


LM741CN 


29 


79C5K 1M32CK5). , . 


. . 1.35 


LM747CN 


... .49 


7905T ILM32GJ.5) . . 


. . .49 


MC135CP, 


.89 


7547Z 


. .49 


MC'S.'-P 


2.29 


75477 


. . .89 


MC1398P 


495 






LMH14N 


99 


MC145406P. 


. 2.95 



PARTIAL LISTING • OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! 

RAMS SUBJECT TO FREQUENT PRICE CHANGES 



CALL FOR QUANTITY DISCOUNTS 



CIRCLE 114 ON FREE INFORMATION CARD 






orldwide • Since 1974 



<!^MMC 

J£r, ^ *V MICROCOMPUTER 

LMHtLI MAIlKf- T" UNft J [iniM|-n 

MAftKEtmC ASSOCIATION 



COMPUTER PRODUCTS 

Jameco IBM AT Compatible 16MHz 
80286 NEAT Motherboard 

■ Expandable to 8MB 
RAM (Zero-K Included) 

■ 8/12or8/16MHx 
switchable * Supports 
all NEAT functions including 
shadow RAM, EMS 4.0. RAM 
re- mapping and selectable 
wall states - 80287- 1 
Coprocessor capability 

■ Norton SI rating oil 5.6 

■ AMI BIOS ROMs included 

■ One-year warranty 

JE3010 3/12/16MHzWE4T(AT| ■ .$469.95 

— Additional Motherboards — 

JE1 001 477/aMHz (PC/XT). ......... 3 89-95 

JE1 002 4,77/IOMHi (PC/XT) $109.95 

JE300S S/12MHI (AT) $329 95 





Jameco IBM 

PC/XT/AT 

Compatible 

Computer 

Cases 



JE1010 siandsrd PC/XT Flip-Top Case. . . . $34.95 

JE1011 Slandard PC/XT Slide case $39.95 

JE1 01 4 Baby XT Turbo FISp-Top Case $69.95 

JE1017 Baby AT Flip-Too Com $54.95 

JE1 01 8 Baby AT Slide Cnr.o . $69.95 

JE1019 Baby AT Fhp.TopCaso $69.95 

TEST EQUIPMENT 

Metex M4650: 

■ Handheld, hioh accuracy 

■ 4ft Oigil LCD 

■ Manual ranging with Offload 
Protection 

■ Audibla continuity leatar 

■ Teals: AC/DC Vc-ltaoo, 
Resistance, Continuity 
Capacitance. Frequency 

• One Veer Warranty 

■ SrM: 71. X 3.5"W X 1.5"H 

M4650 $99.95 

JAMECO SOLDERLESS 
BREADBOARD SOCKETS 





JE20 
JE21 
JE22 
JE23 
JE24 
JE25 
JE26 
JE27 



6M> X *i 
3S x 2ft 

svixm 

6V4 x 21» 
6tix3» 

614 x 4'i 

en x 5% 

7!ix7Ht 



200 

400 

630 

830 

1.360 

1,660 

2,390 

3.220 



S 1.95 
$ 4.95 
$ 5.95 
S 7.95 
$14.95 
$22.95 
$27.95 
$37.95 



DATA BOOKS 



400041 NSC Linear Data Bqg'a-VcA. I (0Q) S14.95 

400042 NSC Linear Dflla Book-tol. II (QSJ, ,-..'.$ 9.95 

400043 NSC Linear Data Book-Vof. Ill (433). . . . S 9<95 

21 0830 intd Memory Handbook {SB> S1 7.95 

230843 Intel Micnoiyitam HnrJbk. Sat («H) $24.95 



Jameco IBM PC/XT 8MHz TUrbo 
Compatible Kit With 256K RAM 



■ Free! QAPLUS Diagnostic 
Software Included! 

■ Free! PC Write Word Proces- 
sing Software Included! 

■ 256K RAM Included, 
Expandable to 640K 

■ 4.77 or 8MHz Switchable 

■ AMI BIOS ROM Included 

■ Save $128.06 

Pan Ng DaacffpHon 







'Ur 



Price 



JE1001 4.77/8MHJ Turbo Motherboard 569.95 

(Zerc-K RAM - includes AMI BIOS ROM) 

JE1010 Flip-Top Case 34.95 

JE1015 XT/AT Compatible Keyboard 59.95 

JE1 020 5.25" DSDD Disk Drive (Black Bezel) 89.95 

JE1030 150 Watt Power Supply 59.95 

JE1040 360K Floppy Controller 29.95 

JE1050 Mono/Graphics Card with Printer Port 59.95 

AMBER 1 2" Monochrome Amber Monitor. 99,95 

41256-150 256K RAM (9 chipsl 103.41 

Save $128.06 Regular List $628.01 

JE3002 IBM Compatible PC/XT 8MHz Turbo Kit. . . . $499.95 

IBM COMPATIBLE DISPLAY MONITORS 



AMBER 12 Amber Monochrome . . , $99.95 1 
CTX241Q 14' rcb Color $279,95 

1 4" EGA Color - EGA/CGA Compatible, 720 x 
350 Max. Resolution (PC/XT/AT) 

TM5154 $399.95 




•- CTX24I0 



1 4" EGA Monitor and EGA Card - ega compatible, 720 x 350 Max. 

Resolution — displays up to 16 colors (PC/XT/AT) 

JE1059 SAVE$40.00 $519.95 

14" MultiSCan ColOr-VGA/PGC/EGAcompaL. eOO x600 Max Res [FC/XT/AT] 

TM5155. $549.95 

13" VGA Monitor and VGA Card - vga compatible, eoo x 560 Max 

Resolution — displays up to 256 colors (PC/XT/AT) 

JEVGA $649.95 



JAMECO IBM PC/XT/ AT COMPATIBLE CARDS 




Graphic 
Display 
Cards 

JE1050 

JE1050 Mono Graphics Card w/Printer fort (PC/XT/AT)"/. . . $59.95 
JE1 052 Color Graphics Card w/Prinler Port (PC/XT/AT) $49.95 



JE1055 
JE1071 



EGA Card wifflZ56K Video RAM {PC/XT/ AT) $159.95 

$119.95 



Multi I/O with Drive Controller 
and Mono Graphics (PC/XT]. 



Multifunction, I/O and Expansion Cards 

. _«„.. I/O Card with Serial, Game. Parallel Printer 
JE1 060 Port and Heal Time Clock (PC/XT) $59.95 

JE1061 RS232 Serial Half Card (PC/XT) $29,95 



JE1062 RS232 Serial Half Card (AT). 



$34.95 



JE1065 I/O Card w/Serial, Game 8. Parallel Printer Port (AT). . . $59.95 



JE1081 



2MB of expanded or extended memory ^ ., _. ^ - 

(zero-K on-board) (AT) - $11 9.95 



3MB of expanded or extended memory, parallel printer 
port, serial port and game port 

") (AT) 



JE1082 



(zero-K on-board) ( 



$169.95 



Floppy and Hard Disk Controller Cards 

JE1 041 20/40MB Hard Disk Controller Card (PC/XT) $79.95 

JE1 043 360K/720K/I.2MB/1.44MB Floppy Disk Cont. (PC/XT/AT) $49,95 
JE1 044 360K Floppy/Hard Disk Controller Card (PC/X T). . . . $1 29.95 

JE1045 



36OK/720K/1.2MB/1 .44MB Floppy/Hard Disk 

Controller Card (AT) $149.95 



U.S. Funds Only 

Shipping: Add 5% plus $1.50 Insurance 

(May vary according to weight) 

California Residents: 

Add 6%, 6V2% or 7% 

Sales Tax 

c 1989 Jameco Electronics 3/89 




$20 Minimum Order 

IBM Is a registered frodom jrk of tntomalionjl BuslrtlB Maenjnes 



Majl OrdOi EractiOiiles' WaffetNfdf 



ameco 



ELECTRONICS 



COMPUTER PERIPHERALS 

AMI 80386 j£p& 
Motherboards fym? 




• Expandable to 2MB (Zero-K incl.) ol 32- bit RAM 
with expansion board (included) ■ Expand an addi- 
tional 8MB using the JE3030 (below, Zero-K incl.) 

* XT (ootprinl-AT compatible • 80387-16/20 ca- 
pability- Bull!- in set-up and diagnostics- Includes 
AMI BIOS ROMs - One-year warranty 

JE3020 16MHz 80366 (AT) . . . $1199.95 
JE3025 20MHz 803 88 (AT) . . . $1499.95 

JE3030 6MB IZero-KI Daughterboard . . , $249 JS 



Seagate 20,30, 

40 and 60MB 

Half Height 

Hard Disk 

Drives 



u 



ST225XT (Pictured) \_^ V- 

ST225 20MB Drive only (PC/XT/AT) $224.95 

5T225XT 20 MB .//Controller (PC/XT) $269.95 

ST225AT 20 MB w/Conlrotler (AT) $339.95 

ST238 30MB Drive only (PC/XT/AT). .... $249.95 

ST238XT 30MB tv/Comroller (PC/XT) $299.95 

5T238AT 30 MB w/ConlrDllcr (AT) , 5389.95 

ST251 40MB Pnve only (PC/XT/AT) 5379.95 

ST251 XT 40MB vt/Cont. Card (PC/XT) $41 9.9S 

ST2S1AT 40MBw/Con1rollBf Card (AT). . . . $439.95 

ST251 -1 40MB Fas! 2Sm> (Drive only). . . . $469 95 

ST277 60MB Drive only (PC/XT/AD. .... S449.95 

ST277XT 60MB w/Controllar (PC/XT) $499.95 

ST277AT 60MB ../Controlia. CarO [ATI. ... $569.95 

40MB Tape Back-Up tor ibm pc/xt/at 

DJ10 40MB Back-up and Tape. . . $349.95 

TH40 jcus Tarx, CarlnOau ._. . S24.95 

Jameco 5,25" PC/XT * 
& AT Compatible 

Disk Drives 

JE1022 (Pictured] "7 

JE1020 360K Black Bit. (PC/XT/ATI ... $ 89.95 
JE1021 3SDK Beige Bzl (PC/XT/AT).. .$ 89.95 
JE1022 I.2MB Beige Bzl, I PC/XT/AT) . . $1 09.95 




3.5" PC/XT/AT Compatible Disk Drives 

3.5' 720KB (Mounting Frame Included) 
MF353B (PC/XT/AT) $+49*5 $109.95 

3.S' 1.44MB (Mounting Frame Included) 
MF3S5B (PC/XT/AT) $14 9. 9 5 5129,95 



Datatronics 
2400/1200/300 Modems 

rVEVt! Pocket torsion! 

■ Haves command compat- 
ible ■ Bell 103/21 2A corn- 
pal lb la* A ulo-diBl/ auto- 
answer ' FCC approved 
1-year warranty * Includes 
MoxiMlte Communication 
Sohwara (axoept 120X1P1 

12 OOP 1200/300 Baud Pocket Modem $99.95 

1 200H 1200/300 Baud internal Madam. ... $ 69.95 
2400H 2400/1200/300 Internal Modem. ... $1 29.95 

1 200C 1203/300 Baud Ertarnal Modem S 99.95 

2400C 2400/1200/300 External Modem . . . $169.95 





Data Sheets - 50c each 
Prices Subject to Change 
Send $2.00 Postage for a 

FREE 1989 CATALOG 
FAX Numbers: 415-592-2503 
or 415-595-2664 
Telex: 176043 



1355 Shoreway Road, Belmont, California 94002 

24 HOUR ORDER HOTLINE (415) 592-3097 • The Following Phone Lines Are Available From 7AM-5PM RS.T: 

Customer Service (415) 592-8121 • Technical Assistance (41S) 592-9990 ■ Credit Department (415) 592-9983 • All Other Inquiries (415) 592-7108 



CIRCLE 114 ON FREE INFORMATION CARD 




3 FORI 
SPECIAL 

ON SUB-MINIATURE VOICE 
FM TRANSMITTERS. 

KITS CONTAIN PC BOARDS 



• 



-FMX-1 LONG RANGE (3 Ml) ULTRA SENSITIVE 
FM VOICE XMTH with fine tune, range control 
plus $24.50 




•TELX-1 TELEPHONE FM XMTR (3 Ml) auto- 
matically operates when phone is used. Crystal 
clear clarity with tine tune and range control. 
Non detectable $24.50 

*ATR-1 AUTOMATIC TELEPHONE RECORDING 
DEVICE tapes telephone conversation all 
automatically , $19.50 

ALL THREE OF ABOVE FOR $49.50 

CALL OR SEND VISA. MASTER CHARGE, 
MONEY ORDER, ETC. TO AMAZING CONCEPTS, 
BOX 716, AMHERST. NH 03031. (603) 673-4730, 



CONSOLIDATED 

ELECTRONICS 




cctfiuuin s iNOus ifiiki iiEcm^ ics aiTALdo *_irrnmt tK>t 



THE ULTIMATE 

ELECTRONICS CATALOG. 

Order your 2SO page catalogue packed with over 10,000 

money saving electronic parts arvd equipment Send £3.00 

check or money order, or call 1-800-543-356(1 today and 

use your Mastercard or Visa 

Consolidated Electronics, Incorporated 

705 Walervhel Ave.. Dayton. Ohio 45420-2599 
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ADVERTISING INDEX 



RADIO-ELECTRONICS does not assume any responsibility for errors 
that may appear in the index below. 



Free Information Number 



108 



189 
107 



AMC Sales..., 

AMCOM 

Ace Products . . 
All Electronics . 



Page 

.... 86 
...110 
.... 68 
...112 



i i 

124 CIRCLE 184 ON FREE INFORMATION CARD 



Amazing Concepts 108. 124 

American Design Components 120 

Appliance Service 68 

Associated ElectronicsBM 12 

Atlantic Cable Distribution 1 10 

Banner Technical Books 36 

Beckman Industrial 3 

C & S Sales 32 

CEI 124 

CIE 31,79 

Caig Laboratories , 85 

Chemtronics 24 

Command Productions 24 

Communications Specialists. £2 

Contact East 68 

Cook's Institute 88 

Crystek 15 

Deco Industries ........... T . , 68 

Dick Smith 82 

Digi-Key Ill 

Digimeter 68 

Electronic Technology Today 50, 102 

Electronics Book Club 56 

Fluke Manufacturing . ..... , CV2 

Grantham College of Engineering .... 13 

Hnmeg 88 

Heathkit 14 

ICS Computer Training 83 

J& W 7 

JDR Instruments 5 

174, 170 JDR Microdevices 113, 1 14 

171, 172 JDR Microdevices 115,116 

173, 113 JDR Microdevices 117, 118 

114 Jameco 122-123 

115 Jensen Tools 68 

— Joseph Electronics 23 

— Lindsay Publications 87 

M Test Equipment 68 

MCM Eleclronics 106 

MD Electronics 109 

Mark V. Electronics 108 

McGraw Hill Book Club 38 

MeGraw Hill tcont. Ed. Series) 11 

Microprocessors Unltd. (03 

NRI 75 



106 

84 

76 

188 

179 

98 

109 

184 

60 

50 

54 

176 
55 

58 
185 

127 
190 
82 
177 



121 

62 
86 

187 

65 

59 



178 
87 

53 
93 



61 



191 



Pacific Cable 107, 109 

Parts Express 109 

Radio Shack 1 19 

RE Bookstore 60 

SCO Electronics 16 

— Scope Electronics CV4 

180, 181 Sencore CV3, 45 

— Star Circuits 83 

83 Synergetics 26 

183 TSM 83 

92 Tektronix 18 

186 Tentel 85 

123 Test Probes 17 

182 WPT Publications 82 



Gern aback Publications, Inc. 
50O-B Bl -County Blvd. 
Farmingdale, NY 1 1735 

1-516-293-3000 
Fax 1-516 293-3115 
President: Larry Stockier 
Vice President: Cathy Steckler 

For Advertising ONLY 
1 516 293 3000 
Fax 1-516-293-31 15 
Larry Steckler 

publisher 
Arline Fish man 

advertising director 
She Hi Weinman 

advertising associate 
Lisa Strassman 

credit manager 
Christina Estrada 

advertising assistant 

SALES OFFICES 

EAST/SOUTHEAST 
Stanley Levitan 

Eastern Sales Manager 

Radio-Electronics 

259-23 57th Avenue 

Little Neck. NY 11362 

1 -71 8-42 8-6037, 1-51 6-293-3000 

Ml DWEST/Texas/ Arkansas/ 

Okla. 

Ralph Bergen 

Midwest Sales Manager 

Radio-Electronics 

540 Frontage Road — Suite 339 

Northfield, IL 60093 

1-312-446-1444 

Fax 1-312-446-8451 

PACIFIC COAST/ Mountain 

States 

Marvin Green 

Pacific Sales Manager 

Radio-Electronics 

5430 Van Nuys Blvd. Suite 316 

Van Nuys.CA 91401 

1-818-986-2001 

Fax 1-818-986-2009 



Find The Defective Capacitors, Coils, Resistors, 
SCRs And Triacs That All Other Testers Miss . . . 



Presenting a new, improved, dynamic 
and mistake proof LC Analyzer that 
finds defective components all other 
testers miss. 

• Dynamically tests capacitors for value 
from 1 pF to 20F, leakage with up to 1000 
volts applied, dielectric absorption and 
equivalent series resistance (ESRl, 

• Dynamically tests inductors, in-or-out 
of circuit, from 1 uH to 20 Henrys for 
opens, shorts, value, and detects even 
one shorted turn. 



* Dynamically tests SCRs, Triacs, High 
Value Resistors, and locates the distance 
to within feet of an open or short in a 
transmission line for an added bonus. 

• Automatically makes all of the tests, 
compares them to EIA (Electronic 
Industries Association) standards and 
reads the results as Good or Bad. Enter 
all information right from the 
component without look-up charts, 
calculations, or errors. 



" Extends your testing capability to 
places where an AC cord won't reach, 
with rechargeable 9 hour battery or AC 
operations. 

• An added feature alerts you that the 
fuse has opened, and that there may be 
residual high voltage on the component 
under test. 
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SErNicoRE 



CAPACITOR-INDUCTOR ANAtYZER 



9.99 



COMPONENT TYPE 

1/5" 



COMPONENT PARAMETERS 



f.5u voLTs j 

TF^I 

WWH lJLIDBEIHE] HP 



TEST LEAD LEAD 2 









$1895 



With The All New, 

LC102 AUTO-Z™ Automatic 

Capacitor-Inductor Analyzer. 

Four Patents 




Call 1-800-843-3338 

In Canada Call 1-800-851-8866 
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rB&K 40 MHZ 
OSCILLOSCOPE 
SAVE $250 
» 



■ 20 Calibrated 
sweeps ■ 6" CRT 
with internal graticule and scale 
illumination ■ Video sync separator 
Single sweep ■ X-Y operation 

■ Z axis output ■ V mode displays 
2 unrelated frequency signals 

■ Two 10: 1 direct probes 

Reg. S848.00 

Price 59v) 

Model 1541 A 



COBRA RADAR 
DETECTOR Trapshooter 

CAVE Cfifl m Mounts ° n dash . 

dftVC y W visor - even wind- 
shield ■ Graduated signal strength 
meter ■ 2 power cords for 
permanent or detachable 
installation ■ City/ highway switch 
■ X and K band indicators ■ 3 anti- 
falsing circuits 

Reg. S1 99.95 

Our $«Q95 

Model*RD-3168 



ASK FOR FREE CATALOG 



FREE BONUS 

VM-520 20K OHM /Volt 
Multi-tester with purchase t 
of any item on this gage ' 
Sale Prices and BONUS 
Offer expire 3/31/89. 





TELEPHONE 
ORDERS NOW! 



260 Motor Pkwy, Hauppauge, NY 11 788 

^800-648-2626 

(In NY State 800-832-1446 Ext, 242) 



Money orders, 
checks accepted. 

C.O.D.'s require 
25% deposit. 



Service ft Shipping 
Continental U. 


Chwges 


LA. 


FOR ORDERS 


ADD 


JO^O . . 


$ 1.50 


£61-100. 


S 550 


S10I-200 


* 7.00 


£201-300. 


$ 500 


no 1-400 


5 9.00 


$401-500 


f 10.00 


1501-750 


S1250 


1751-1.000 


115.00 


11.001-1.250 . 


.117.50 


51 .251. 1.500 


. 52000 


St.501.2,000 


.. $25 00 


S2.001*Up. 


130.00 









